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6 0 -twse^i*^^.— Vcoff faf±5-r5 0 




(2) 



$fffl¥-9 - 2 0 0 1 7 9 



DS-CDMA*S;iii < fc5*aiiff*fi ; 5Blc, 

h (N-l) flroffttM^SCt, f&tfMffl«#ft 

[W*«2] • tf^N^ (Nf±a«S») 

D S - C DMA*S^#I*Si tSIJft^S 

SNiB<Oi- tf — »fcB/B«5R * ^ K7 >f yu^ ^ h 
KSRaftfffl^J: f3 by 5 ffttftlnl 

(D&cofc&ft^*? ^ymwct u StN-iia<7?»nKSicotb 

<b ^ - if - & <n if % & m £ I" 5 N H co *ij [Hi & £ , 

tt*^fiBffl[tc:J:S«ffi«!;SS:fT5 «t 9l:^oti^:i: 
Qj*#^ix€^h,<o*:tf>tf> 2 fio^ ^ ^ K7 ^ yi^ J; 9 ft 



✓ * v- ^ V * CO ttj ^3 i C mm. £ ix fc «fft © CO M O S 4 > ✓ < 
-^J:9*6»lKC*fi»^ r com 1 ^$£i#*I£B<0 
m^SrA^JcS«g-f-5*i»jS^ + ^'«*>^ ^i, Buffi 

61 1 -^yi^^u^if wCO^ l -^yu^r/u^li-cofcij 

jj t f*i£coiii^-cm 1 sewBsas^ £ fcf*gig«]££ 
m^-rsifi 2 -^/u^y ^ ^ ^wr^^mcoif 

(b) ^-if • yu KlEl^com 1 -^/u^^u^if 
coffi^riMg^jx?^ m 

(c) ^-tf ^y'jv • ^— /uK[H]^co^2-7/u^y 9 u^if 
cotH^iio Xxsm 1 Ao»«R^ttJ^^«ittS Jxfclfift^^ 3 

^^ixoo^^ttfc^^cOMO S-f — ^ J; 0 

(d) Mia^iAP#ffloai^^Pj^2J!JD#ffl5^£i3y3S:« 

(e) Huffiif V^/U . ^— KIhIS§CO p -h^^tlfr 1 

2 fans yu ^ ^ - if mrnxm * 

wmtir^m^ i^fzi-±2mm<D^^^-—fmiMJj 
im^7] muffin, ^mmm^m^m^ 

T iliRfft Id HfiR $ tu 6 r i Sr 1#» t T h If 6 
[W*iS8 ] W#ifiBg(Otb^ictt 1 A^J 2 tij^w 



(3) - 



3#§f1¥9 - 2 0 0 1 7 9 



JH«*ifffiS^m/3^WfSKeA*{c«iggi-^*a*ffl» 
khi as <b * x-iE^ij l , £ 

r^)W^A^) bT)iK»c*»^*T?iK3Si--5 <t 9 left 

or ^ais^ri 2 £fci3 6 ffiat^-^/u^^.— ifansas 

Mo 

[MsfcJS 1 1 ] -y- V^/U • * — /U KlHlSSJi, ✓ < y -7 

12] '<y?T mtK&XJjtfAjj t s 
*U ffi^^S!BA^^#il$nfeSWitiHS«t 9 

[WsftJli 3] ^y7j(j:AM^>t-/y^ 

«t. roA^ffl>r vbr—^^^otb^^seAyj^att 
^n^o^^A^^^^tL^^ti^^, mifaA 

.si^ffi^^WfeseA^«c»is$i3:5f#a^>f >tr-^ 

[ffjfcJl 1 4 ] ^«tttb(HlKtt*SI5A.^(-S«ff 
^ s A^$tb, S«£A^^Sa-tS«JEASA^$tLfc»l([ii 

[w*jb i s ] ^^\B}m^mm^tmmmi£ 

IM#*16] ffltt»!Elg&(±, A^«JE*s«3RSix 



2^^y77^ SB iRfE^y^r *fett»2RiK^< 

[fff*«l 7] P?te»IiIKtt, A^«ffi*s»tt$H 

fflf#JS 1 * fcfi 2 SEtto^/v^—- if »gfii*«fc* 
[0 0 0 1] 

imm±<D%\m&m *«wiiDs-cDMA (d i r 

ect Sequence— Code Divisio 
n Multiple Access) Jj^ff)*^-? h 
7 ^ ttiffift tC *5(t a SJ&Jg <Z>g{f« CO 7C 46 <75 -r/U^-J- 

[0 0 0 2] 

ft SJfe^SfS tift -C - if - ^ e> off £ gff 

U T^^^^Loo^^-lf-coff-^-^^gi^tU 

^^^[HJSgJ: D^^^^^r^ u-* (s 

llding Correlator: OTS C £ ^ 

o/c 0 tit s C(iA^«-g-(0te»W-g-i:gff«<7)tt:fS[ 
W^^W-ffi*BlBJ»ldS^»-e*)5r i:is®*$tb, DLL 
(DelayLocked" Loop) SfWlBtttMitg: - 

[0 0 0 3] $ *b(c*j.-if-oft-5-Wl^*4:|»iff 

co^s^r^/cmt-, ^n^raaoti^^ 

[0 0 0 4] 
5 0 

[0 0 0 5] 



(4) 



^§1^9-2 0 0 1 7 9 



A-^MF 11, MF12 MF 1 n If ^ TS 

mm^-R (t) ^iSM:^ur^^-if-coff^-^ttaii- 



[0 0 0 6] 
[0 0 0 7 ] 

/?(/) = c/l • /Wl • /!(/) t a2 • /W2 • /2(/)+ • ♦ ///(/) + n(t) 

[0 0 0 8] mH&% 1 (O^y^ K7 /^MF 1 1 tC 
i: oTS:fHff-^R (t) ®2toHjfttofcB 

N\) wiricffiftotr— ^ p i , P2, P3^^^tir^ 
5o ^T-^^namEE^^ ( i)- com i«*5 «fcr/!»ai 

fc-.^ttiBitt^^iKaffir-*)?), a (i) <Dm2m-m 

[0 0 0 9] — ^^DS-CDMA^tS^- if— 

[0010] ^:t'V y^- K7^/^MF 1 1 —MF 1 

nCOffl;ftti:£j£lftfctifflSTH 1 1 , TH12 T 

HI n(CA*,£ix, ^f^iSfe J: mftSU^ Sr»ftJ«3 

ID 2 tcfctt^ t'— ^ p i~p 3 co^ -t,p RFf^U-< 



£r I i (t) s ^GO^ff u-<A-£ a i, ^— if— GO& 
I^PNi.lH^n (t) g:mff^- 

r ( t ) ra\ 
[«i ] 

(1) 

(U3 8 *,svsiEi4 o<Dmjjt*£.cz> 0 ±&t&thm-±i 

WJetOJfc^£»ttfc»E£&ffi,!: LTgftff 
'a-f5, ^RttttSftcottsyjtiWteftlfBR S 11. RSI 
2 RS lnlutWixA^^^ ISS*^ 

[001 1 ] £t_htO U^U ^ff^fl^T, #3-— if — 

— if— cofc^cotttfeft-^-co^dct^isv^Ttt, 

tcio^r, sffft-^R (t) ^mft^-R 

(t) fi5SS[Hl»SD 1 {dj; ^ajf^ti., ^y^K^/t, 

ffi. i-fcfc*>5£ (l) cos i #B<o^co-MM*tiJ£*ifc 
irtSi:, »D»S§£tS^fi* (2) IztfIt £ ? \z s 

6o 



Aouti = /t(r) - \ci\ • /W l ♦ 71(/)+ct2 • 7W2 * /2(/ - I • PNi -!•//- ](/)} 
-{a/ + J • PNi + 1 • // f \(t)+..,uw • PNn • ///(/)} 
= a/ */W/ 



^Df^^co^±i^^cfcv^-c, 



5£ ( 2) ^fj^^^J: 9 (c, 

[0 0 12] rcoj: ptcftffl$tbfcjte*ff-^-fiR^tt«5R 
•^y^" K7^;l/^MF 21.MF22 MF2 

5#^-if-(0iStt««^fiR^sftbjiiSti'5 o wCO^S^ 

JRW»**c*M.r*iJ^lHlffi J 1 l, J l 2 j 

l ntdio^r, >?f^-if-^<f^-cO#^^^J^L, ^ 

[0013] :zr\ ^;^/<*fr£.cx\,^te\,^m&<D 



(2) 

[0014] i4 &TPPtimfrT&^^Wt&<Dffim-7 v 
f K7^/U^MF2 1 COttj^COi/^ ^ U — g >^\^rj^ 

K, Sz:ifc^-^1 2 8f77'Mm 7h— tf^^/u* 
4, ff-»2S<t -<-^^<> K*T-CO»Wft# 

coTT-coftB8Sia[-e*>6 0 f^E]fc^i,>-C, t=0co<t# 

ics i #@^^x-if- (^m^^-t^o ) (Dmrnt*-? 

* s «ffl$ixrt^6, 1 try h*>fc9 coff-^-ai^/u^ 
— ^tiBliFa^^S (E b/No) filOOdB, ftMlfc 



mjjtt^mmmjjit (d/u) moodB -ca> o % m 

**5B*|H1t=5 1 2 tf— ^ttBS^vsKyHcJ: 

[0015] mS&m4<D^ y=f- K7^/U^£tJ^^l 6 
^ l#Lri*fci^»g-H I«, Officii]— «t4£W*>, 

[0016] i^6(iD/u = - 1 0 d b, -ttefrhftm 

0. IX (^F»ft«^) ^B^t^^l'-^ay 
S^T-feSo - -r-tt t = OCO^-g^tr'-^^fifltC, t 

[0017] m7&m6km—0kmz&tfz=pmmm<D 

lit = 12 8W^T**>5^ wittt^[Sl»!CDMAro 
M$:Iffll/c;^:J;a 0 r. r ld#|U#!c DMA £ 
fi, (51— tr/u^l^io^T, — if— <7)tt»??^£#m 

[0 0 18] gl8^g]6C0^^^ K7^yV^ffi;^£ 1 6 
^V^yU^jfUj^^ LTc^^T^^o Zl a>»& t = 0 td£ 

[0019] jei±o^77^oit«{cisi^-c, m 1 <om- 

[0 0 2 0] 

[0 0 2 1] (21 1 0 tefci£S§<7M 3 
S^HlSKiS t - 1 2 8 |c£ t = 1 3 8 , t = 1 4 
0, 0. 7. 0. 5 Lt«6o 



flr§ilsP9 - 2 0 0 1 7 9 



[0 0 2 2 ] g| 1 1 tegl 1 0 O-^vU^'^fl^-tCO^T 
E b/N o = 1 0 0 d B (m^^mmfriZtAst'te 
t<\ ) , D/U = -10dB (T»&L<OKm&*L% 
*\ ) *6*#©Tt 1 6 i^vs^uttfrfiSlo-^ ^ K7-f 

[ 0 0 2 3 ] H) 1 2 (iia 1 1 <h fw]— -^/u-^/^ll -§-(:: 

[0 0 2 4 ] 111 311 S-cr Eb/NO ^^1" 6 f 3/ b 

■fe/v£rfrfc»fe^£ tf y h ^ *5 ^ , *5<fcl*fcr 

y h^O^SSMit (*») S:lt«SEr-5^7 7T*fo-5o II 

[0025] mi (Dmmffl^tstfzmm-^v?- k^w ^ 

^MFl 1 -MF In, MF 2 1 -MF 2-n, ±$tlfcfcti 
pPT H 1 1-TH1 n, ^tt«ei5R Sll-RSln, 
^IPW^ADD 1 1 —ADD 1 n, ^J^HI^ J 1 1— J 1 

-zjmx'&>z> 0 

®^^^m=i>^^-^±\c^^x y ? b^^rxm 

©C PU\CtoX^fM'^(D^^y^- Y~7 4 

^ * t i 7* ^ ^ / o lei w ft * £ ft ae> 5 ^ s * 5 fe 

[0 0 2 6] Ell 4tt*ffl7 f ^^/u!ElgS(cJ:6-^3'^ K 
1 1 ^^U, m l 5 ^^ffi^^^/uHlSStc 
J: 6 £i&ftfetti£($T H l l ^^-To 

[0 0 2 7] 014 tCjoV^X, y^- K7-ry^MF 1 
1 li^^^yKb^n^^fiff^-V i n 1 4dSA^jSix5 
n^f-y^WhU^^SFTREG^f L 4 
h U'v?^^<7?#^7 t --v ? (C{i*a[[HlKMU L 1 4 1 ~M 
UL 1 4 n^^^^fia^^nr^6 0 #^[Hl^(Cii 



(6) 



45^9 - 2 0 0 1 7 9 



T*g^£*L5 0 II^V o u t 1 4 yf- 
h"7 4/i>*itij)T*>Z> 9 ^PNf^fiii^ 1 try b<D 

i&ZltZtzWANDtf- h*£X&V 6 0 

[0 0 2 8] ^ftfettSHlSgTH 1 1 Y~7 4 *\>>$ 

tU^J V i n 1 5 £ 1 ^^7$/^m5f&n^-Z>i/7 h 

-^ICflifci&tHlSgC 1 — C n^mm^ttXh^o >Z7 b 

^^fitx — ^A;^£*LTV^ 0 S^fillHiSSMAX^ 
REG 2(c1g^£tl, ^^^U^ifMUXI^rtl^l/ 

£>CO fc CO "Cfco /c £ tlCfiR EG 2&&tZtel'i?X? t 
ft?)* REG 2 iC^LTIiREG 1 &%tfZ.t£\s *J * 9 £ 
L^oTREGh REG 2 (Cte^StC J; <9 * 

[0 0 2 9] ^^^U^i^(^ai/Jtt$??^**lHligM 
&§C 1 — C ntCA^£Jx, ->7^^^^60#^f-v? 



n 




^ti^l^ajjcliMF 1 2 -MF In, MF 2 1 -MF 

[0 0 3 3] 019 tC^oU>r , ig^iHiSgD 1 7 fi^gfcco 
if V^yU . * — /U KHISgS H 1 9 1 — S H 1 9 n £H?lJ 
KSMftU VyOu - * — /u, KlHlSS SH 1 9 ItCA 

fiZtllZXJlM&V i n 1 9 ^rWSlSfeSfeiSlt-IESi-^ t« 

f»£j£ Ltr- • * — /u KSrfrp. ^(Hff-^- 
R (t) ^^y^K7^/u^, ±&ta£B&|5. 

f¥*>„ V^"^ • K[HlK^b<?5£b^ V o u t 1 

9 1 — V o u t 1 9 n £-?T<7)£^— £ Lt^t^) 
r > t> ^THgr-^5o fcfeEl 1 8 tCfc*t^T^n ^igj^lHl 



v t h^f^o^— ^iio vizwyfexbtiz> 0 zti 

[0 0 3 0] (§17 li*#Wte«6«HSSK<E> 1 HJKW 

[0031] @i7 icjo^t, gftft -s§-r ( t) \^r-r 

u t?<n-? K7^yi/^MF 1 1 — MF 1 n J: t/SlS 
1 7 (CA^Sit, MF 1 1 — MF 1 n^liA 
/D^^[HlSgADC 1 1 — ADC 1 n ^rgt, Xv^/U 
©±»tttb@KTH 1 1 -TH 1 n, ??#;»|El8gR S 1 
1-RS1 nlCA^^iX^o R S 1 1 — R S 1 n<Dftjl 
l3D/A^&[E]g§D AC 1 1 — D AC 1 n 
S§ADD 1 1 — ADD 1 nfCA/j^iX, 5§j£[H]ggD 1 7 

y^MF2 l-MF2nl:A^$H, -tOgfeSff A/D 
ffiSllElKADC 2 1-ADC 2 n ^^T^J^Ih1S& J 1 1 

l nt;:A^£iT<5o 
[0 0 3 2] Hi 8 Id joV^T „ 7tD^3/f K7^ 
/^MF 1 1 (i1S»(75r^-ci ^H]®|hI8SD 18 1, D 1 

8 2 Dl8n^j|;«»U T-tv?<D$: 

mm-^-R (t) l±^iS®[sIi«^blilIft«l9:JcfiiS$ix 
XmU&m}£\E}3&D 1 8 nlul^o *»j^lH!^tti^iC 
ttr^-n^aaElllKMU L 1 8 1 MUL 1 8 

i , p n 2 pn n^mm^zmrtbtiz* 

mM^^MU L 1 8 1-MU L 1 8 n<Z>tttfmtoWiB\V& 

add i 8 ncA^iv ±x<om&-i&mi>m&£th 

5 0 mm\BlffiD 18 1 — D 1 8 nXCDm&tfffl&T c <t 
[»3] 

(3) 

i 9 ctiHj^^^^^^o 

[0 0 3 4] if V^Vu • z^— yu KIhIK S H 1 9 1 fi® 2 
0COJ: ^ (C^fiSc^n, ^y77B201, ^yfSW 
201, /<-;77B 2 0 2, ^^f-;f SW2 0 2, /<y 
77.B 2 0 3 *WHfciE?lJt-»^U, ^O^-f yfSW2 

0 1. SW2 0 2 ^^^ic^j&^-^v-^ >^ C 2 0 

1 , C 2 0 2 ^Mlt^a o -?T B 2 0 1 tdl^A 
MEVin20^A^^n, ^y7r(i^^w*iSf*c 
A^felb-fSc&C V i n 2 0 ^tti^-T^o SW2 01* 
MdcLfcBS^'eSgJffi^^^v'^ ^C201 ti*'<y7r 

B 2 0 l cottl^imEEtc:^-f& Lfc«iSf(c3isaktt$ix, ^-v 
^>^xc 2 0 l tcj: 9«JE^fiS:^$tt6w h\z.t£ 
6o ^Tffc^^^f SW2 0 nii«f^^ 
A^«JE«5«^{^^.-5 0 R^F^Jx/tiajEti^y 7r B 

2 0 2©A*«Ei*!5, /<y77B 2 0 23ft^$£i: 



(7) ^^¥9 - 2 0 0 1 7 9 



*C 2 0 2 #35)5*18 £ ft, ^^7 7 B 2 0 2^« 
*$£ixSo gH&^r^v'^ 2 0 2T-{£^£*i,/cfI 

I±&'< -;77B 2 0 3 © A^JE £ # 9 , /^77B2 
0 3^itB^Vo u t 2 0 t LT^^lCi±S^^n 
-60 

[0 0 3 5] ^>fyfSW20L S W 2 0 2 li0r£<Z> 

^-r ?: v^r-SfS^MricSn, A^m/Ev i n 2 0 iimi 

^C20l, C 2 0 2fO£i£, {%«F^ix5. ^LtC 2 
0 2tCSEi3l$tLfc«JEttftlElO^^ -^SW2 0 2<Dffl 
^^T'A^IEV i n 2 O<O«»£§ttft^0>-e, 3c £ 
^Vo u t 2 0 ££/&L#6 0 

[0 0 3 6] ^^77B201<1: 
^j-n!7^ (fg)2 1) SfcliJKSs^S/^rffi (El 2 2) ^ 

[0 0 3 7] 1! 2 1 fc*5V^, ^ ( 7 7 7 B 2 0 1 ISStH 
*8S»0 P 2 1 O^laA^tCA^StEE V in2Ujf 
8c U ft^m/EV o u t 2 1 &t<DKmA?)^ffim£lt 
' X^5o r<o[a|gS-CfiAtti^J<Otfc^+ 1 ttay>. A^J^ 

[0 0 3 8 ] 122 <7>lHlKte, ^gif iJ^O P 2 2 
SfiA^SrSMfiU ^A^Myt-^y^Z2 2 1 
^LTAAtEV i n 2 2Sr»ftLt/ < i;5o ^fc^lS 
WISsOP 2 2<n\&f)\±sl yt°-^y^ z 221^1 

W 2 2 2 £^LTK*5A^te:#it$*L 

t^6 a w<£>(§I8gcoaU> V o u t 2 2 (i- V i n 2 2 iC 
. ifyy^ - * — /u KimggK:*3^T 3@!^y7 
7B201, B 2 0 2 , B203 It A^ftJEdSfcti 
^3*n^fc4«)*J»ttJ^(iSiK't-5, ^ot, iSjSElHjS&C: 

»£U*Vo u t 1 9 (119) l±V i n 1 9 tm~ ft^ 

^/U • ^ K0K SHI 9 2 — SHI 9nttSHl 9 

[0 0 3 9] m 2 3t2^>^/U • /U K(h]3§C0£W£ 
^^^-efcfj , SHI 91, SHI 92fCiLt, 
A^JE (Vin20) , 2g|^y77 (B202) 
tfcWK tH^WE (Vou t 20) ^^n^CLK20 

[0 0 4 0] I/ 1 ** S H 1 9 1 V i n 2 0 

i"6^^^T^^ ^fSW2 0 l^Mfig (CLK2 0 tt-ffi 
U"<^) m^^nrc^Ppl^fiV in2 0^ 

SH 1 9 1 COB 2 0 2ttJ;^£ LT^ix£ 0 SW2 
0 1« (C LK 2 OttB^yH ^n7tB^^T*B2 
0 2 ai*tt»«F$n, CLK2 0 AS^t/iS^^KC/i-S 
^T'B 2 0 2 fctS^tl — £T*&>£ 0 ^-T^f SW2 0 2(1 
CLK2 0OfflU><yUB#JcB!fig$ix, S W 2 0 1 BMfefl* 
iC&ftZtifzmfEZC LK 2 0© 1 J^^IIS^WLfc 



^/E£r£/&L, V o u t 2 0 £ UTtli^t-^o 

[0 0 4 1 ] iT-^^yu- - K(hI88S H 191 (Dthf) 

\$.%1$k&<D*f"s-f}\s - * — KIhJBSSH 1 9 2(DKf) 
W>fc (Vin20) £#9 , SH19 2»Cfe^r^, S 
W201 (Cj: A^m/E^rC LK2 0 O^ffliJ-jgjg L 
fc^-f^y^^l, £tbfcsw2 0 2 f;i.J: 9 ^ix£ 

£ b^¥mmmm£i£tzmi£$:±i$. L-caj^n/Ev o u 

t20t LT{liM6o 

[0 0 4 2] J!^JiOr^o^^^^<o«®[Hll^(i7 ? ^^ 

[0 0 4 3] [H 2 4 ^i7->-^yU • t*— yu K(eI&£>» 2 H 
5tg0 i J5r^-t" o ^©IJ* V7% • * — j\s K[Elg&fi3lS©CM 
O S-f lss< — $ I 2 4 1 , 1 2 4 2, I 2 4 3lCj;ot 

&ms<v7T kmm<v$f&&mmLtit><Dx&><9 . i 2 

4 3C0tti^itli§il^r^yN o ->^ 2 4 2 I 2 

4 1 ©A^MWiS^Jv 12 4 1 WA^jCliCMO S ^ 
^7fSW241 ( A^^rt^v^^C 2 4 1 £JHM#: 
ytLTA^tEV i n 2 4 #gi!£ tLT^6 0 

[0044] sw2 4 i a*— j.Mdt$nr^(bBfi*fe$tt 

C 2 4 l li^OBfjSro V i n 2 4 IciSCttSrl: 
5fc£fcm£;ft6o C 2 4 2I1C24 l^^K^^^tl, 

3©^ W<— ^ I 241-1 243 f2C 241 T*{£Nf $ 
*Wt«E£-t<7)££ 1 2 4 3 <Dtitf)k UTtti^-rSo I 

2 4 3coa5^l-fiCMOS^-r 7fSW2 4 2 #g^c £ 
*U EI2 0<D-y->y;U • zft — K(nI&<tl5]flSt;i, SW2 

4i, sw2 4 2 ^a(cnsH-rsr < t^«j;i9, A^m 

[0 0 4 5] ^f>(;SW2 4 2lCttS^li^t/''>^y^ 
C 2 4 4 £^LT±fe^f^c0 3|£CMOS-r ^ 
12 4 4, 1 2 4 5. I 2 4 6tcA^£*L* 1 2 4 6© 
ttSy3(i»S=^^^">^ C 2 4 5 IT I 2 4 4© 

[0 0 4 6] rtb^> 3i§:>r ^n, *»SMOS^ 

^y^C 2 4 3, C2 4 6M^, ift^2SI 
©ttJ^iC 1 tt<D^ffil'isX $ E 2 4 1 , RE24 

2, RE 2 4 3, RE 2 4 4^fI^ilt^6o R E 2 
4 1, R E 2 4 3 (i«««SEV d d (CSRSiX, R E 2 
4 2, RE 2 4 4tt»i$ntfe*»), 3l5^>-^^-^© 

[0 0 4 7] H]2 SfiiulS-^ ^^ K7^^MF 1 1 © 
^tniSg^^i-^cOT'^)^ , A^fEV i n 2 5 

©M^^Vt'-^y^Z 2.5 1, Z 2 5 2 

Z2 5nf3^, rixfc'f >- 1 8 — ^>-^cO/±J^)^^-f y 
fSW251-SW25 n(Cj:oX^©M^itT-f|ISL 
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(54) MULT I -USER SIGNAL DEMODULATION METHOD AND DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED : To solve problems relating to 
synchronization and to eliminate the need for an 
interference canceller by applying 2nd spread 
processing to an extracted signal and reducing a 
re-spread signal other than a specific user from a 
received signal so as to extract the received 
signal. 

SOLUTION: Complex matched filters MF11, MF12 F1n 

apply inverse spread processing to a reception 
signal R(t) to extract a signal of each user. 
Outputs from the matched filters MF11, MF12, ...MF1n 
are given to main wave extract sections TH1 1 t 
TH12, . . . TH1n, in which an interference wave and 
thermal noise are forcibly eliminated. The 
extracted spread signal component is given to 
complex matched filters MF21, MF22, . . . MF2n, in 
which correlation is calculated and the inverse 
spread signal component of each user in the 
received signal is extracted ideally. According to 
the correlation arithmetic result, discrimination 
circuits J1 1 , JI2 ( ...J1n discriminate the presence 
of a . signal of a corresponding user and provide an 
output of the signal. The signal extracted in this 
way is re-spread and a re-spread signal from other users than the specific user is 
received from the received signal. 
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CLAIMS 
[Claim(s)] 

[Claim 1] In case multiplex communication by the DS-CDMA method for N mobile stations 

(N is the natural number) is performed N the 1st and the 2nd ******** VCFs 
corresponding to each mobile station are prepared in the receiver of a base station. 

The diffusion sign assigned to the mobile station corresponding to the 1st and the 2nd 
******** VCF is set up as a tap coefficient, every — Process an input signal with the 
1st ******** VCF, carry out threshold processing of the output, and the output more 
than predetermined level is extracted. An input signal is delayed so that the signal 
which re-diffused this extracted output with the concerned diffusion sign, and was 
re-diffused with the above-mentioned input signal may synchronize, the 2nd ******** VCF 
which subtracts the re-diffusion output of an individual from this delayed input signal 

(N-1), and has other one diffusion sign of a mobile station — inputting — every — 
the multiuser recovery technique of judging the signal of each mobile station from the 
output of the 2nd ******** VCF 

[Claim 2] It is the equipment furnished to the receiver of the base station which makes 
multiplex system the DS-CDMA method whose number of multiuser is N games (N is the 
natural number). N complex ******** VCFs for an user extraction which perform a 
correlation acquisition operation while the diffusion sign for the spectrum diffusion 
assigned to each user is made into a tap coefficient and an input signal is inputted, N 
principal wave extraction circuits which extract the large incoming wave component 
(henceforth a principal wave) of power from each user' s correlation result obtained 
from the complex ******** VCF for an user extraction of this N individual, The 
re-diffusion circuit which performs a spectrum diffusion with the concerned diffusion 
sign again using the principal wave component obtained from the principal wave 
extraction circuit of this N individual, The delay circuit from which only the 
predetermined processing time delays an input signal, and the adder which deducts all 
outputs other than the concerned user from the output of the above-mentioned delay 
circuit among the outputs of the N above-mentioned re-diffusion circuits and whose 
number is N respectively, N complex ******** VCFs for an user recovery which perform a 
correlation operation again while the diffusion sign for the spectrum diffusion 
assigned to each user is made into a tap coefficient and the output of the adder of 
this N individual is inputted. The multiuser demodulator characterized by having N 
judgment circuits which judge the signal for every user from the output of the complex 
******** VCF for an user recovery of this N individual. 

[Claim 3] Threshold processing i s, the multiuser recovery technique according to claim 1 
characterized by being set up with the predetermined proportion to the maximum power of 
the correlation output signal of the 1st ******** VCF. 

[Claim 4] A principal wave extraction circuit is a multiuser demodulator according to 
claim 2 characterized by performing threshold processing by the threshold of 
predetermined proportion to the maximum power of the correlation output signal of the 
complex ******** VCF for an user extraction. 

[Claim 5] The switch on which a complex ******** filter circuit becomes; from two 
******** VCFs for I component and each 0 component, and each ******** VCF was connected 
to : (a) input voltage, The 1st capacitance connected to the output of this switch, and 
the 1st inversion amplifier which consists of an MOS inverter of the odd level 
connected to the output of this 1st capacitance, The 1st feedback capacitance which 
connects the output of this 1st inversion amplifier to an input, The 1st multiplexer 
which outputs alternatively the output or reference voltage of the above-mentioned 1st 
inversion amplifier, and the output of this 1st multiplexer are two or more sample hold 
circuits which have the 2nd multiplexer which outputs the 1st-i nvert i ng amplifier 
output or a reference voltage by reverse selection. ; 

(b) The 1st addition section which has two or more 2nd capacitance to which the output 
of the 1st multiplexer of each sample hold circuit was connected, the 2nd inversion 
amplifier which consists of an MOS inverter of the odd level connected, the output of 
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these 2nd capacitance being unified, and the 2nd feedback capacitance which connects 
the output of this 2nd inversion amplifier to an input: 

(c) the [ the output of the 2nd multiplexer of each sample hold circuit, and ] — the 
2nd addition section which has tv/o or more 3rd capacitance to which the output of 1 
addition section was connected, the 3rd inversion amplifier which consists of an MOS 

inverter of the odd level connected, the output of these 3rd capacitance being unifi.ed, 
and the 3rd feedback capacitance which connects the output of this 3rd inversion 
amplifier to an input, and; 

(d) The subtraction section which reduces the output of the 2nd addition section from 
the output of the above-mentioned 1st addition section; 

(e) The claim 1, the 2 written multiuser recovery technique, or equipment characterized 
by having the control circuit which opens other switches wide and switches the 1st of 
each sample hold circuit, and the 2nd multiplexer in predetermined combination while 
the above-mentioned switch in any one in the above-mentioned sample hold circuit is 
closed, and;. 

[Claim 6] A ******** filter circuit is the multiuser recovery technique according to 
claim 1 or 2 or equipment characterized by having two or more delay circuits into which 
the input signal was inputted, the multiplication circuit which is connected to the 
output of each delay circuit and multiplies the concerned output by the PN code, and 
the adder circuit adding the output of these multiplications circuit. 
[Claim 7] It is the multiuser recovery technique according to claim 6 or the equipment 
which a multiplication circuit is equipped with the operational amplifier by which two 
or more impedances connected in parallel with an input signal, the switch connected to 
the output of each impedance, and these switches were connected in parallel with an 
inversion input, and the non inverting input was grounded, and the feedback impedance 
which returns the output of this operational amplifier to the above-mentioned inversion 
input, and is characterized by to close the above-mentioned switch alternatively 
according to a PN code. 

[Claim 8] The switch for signs of 1 input 2 output is connected to the output of an 
operational amplifier, and the input impedance for signs is connected to the 1st output 
of this sign switch. The operational amplifier for signs is connected to the output of 
this input impedance in the inversion input. The output of this operational amplifier 
for signs is connected to the above-mentioned inversion input through the feedback 
impedance for signs. The feedback impedance for signs is set up equally to the input 
impedance for, signs. It is the multiuser recovery technique according to claim 7 or 
equipment characterized by the switch for signs being connected to the 1st output, and 
the output of the operational amplifier for signs being made into a multiplication 
result when a PN code is positive, and making the 2nd output of the switch for signs 
into a multiplication result when a PN code is negative. 

[Claim 9] They are the multiuser recovery technique according to claim 6 of carrying 
out an adder circuit being equipped with the operational amplifier for an addition by 
which the output of the input impedance for an addition to which the output of each 
multiplication circuit was connected, and the input impedance for these additions was 
connected in parallel with an inversion input, and the non inverting input was grounded, 
and the feedback impedance for an addition which connects the output of this 
operational amplifier for an addition to the above-mentioned inversion input, and the 
feedback impedance for an addition being set up equally to the input impedance for an 
addition as the 

[Claim 10] A delay circuit is a multiuser demodulator according to claim 2 or 6 which 
connects two or more sample hold circuits to a serial from the first rank to the last 
card row, inputs an input signal from this first rank, and is transmitted to the last 
card row one by one. 

[Claim 11] A sample hold circuit is a multiuser demodulator according to claim 10 
characterized by connecting the switch for a buffer circuit and sample hold in series 
by turns, and having connected grounding capacitance to the output of each switch. 
[Claim 12] A buffer is a multiuser demodulator according to claim 11 which a 
non inverting input is considered as an input and characterized by an output consisting 
of an operational amplifier which returned to the inversion input. 

[Claim 13] A buffer is a multiuser demodulator according to claim 11 characterized by 
consisting of an operational amplifier by which the output of the impedance for an 
input and this impedance for an input was connected to the inversion input, and the 
non inverting input was grounded, and an impedance for feedback which it' is set 

impedance ] up equally to the above-mentioned impedance for an input, and returns the 
output of the operational amplifier of a parenthesis to the above-mentioned inversion 
i nput. 

[Claim 14] A principal wave extraction circuit is a multiuser demodulator according to 
claim 2 characterized by being the operational amplifier as which the input signal was 
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inputted into the non inverting input, and the threshold voltage was inputted into the 
inversion input. 

[Claim 15] It is the multiuser demodulator according to claim 2 which a principal wave 
extraction circuit is equipped with capacity coupling adding the multiplexer which 
outputs an input signal and a reference voltage alternatively, and inversion and the 
input signal of a threshold voltage, and is characterized by switching and controlling 
the above-mentioned multiplexer according to this addition result. 

[Claim 16] the [ the 1st inversion buffer with which a re-diffusion circuit inverts the 
output of the switch to which input voltage was connected, and this switch, the 2nd 
inversion buffer which inverts the output of this 1st inversion buffer, the 1st 
inversion buffer, or ] — the multiuser recovery technique [ equipped with the 
multiplexer which outputs any of 2 inversion buffer, or one output alternatively ] 
according to claim 1 or 2, or equipment 

[Claim 17] A re-diffusion circuit is the multiuser recovery technique according to 
claim 1 or 2 or equipment equipped with the sample hold circuit to which input voltage 
was connected, and the inversion buffer by which the output of this sample hold circuit 
was connected to the 1st output of the switch of 1 input 2 output, and this switch. 



[Translation done. ] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the multiuser demodulator for the 
receiver of a base station in a spectrum diffusion communication of a DS-CDMA (Direct 
Sequence-Code Division Multiple Access) method. 
[0002] 

[Description of the Prior Art] Although the separation extraction of each user's signal 
needed to be carried out and back-diffusion of gas of the extracted signal needed to be 
carried out in the base station receiver of a DS-CDMA method spectrum diffusion 
communication, having received the signal from two or more users, and taking an 
interference etc. into consideration, the correlation operation for back-diffusion of 
gas was performed in many cases using slide ********** (it is called below Sliding 
Corre lator :SC) which consists of a former comparatively simple circuit. And it was 
required that the phase simulation of the diffusion sign of an input signal and the 
diffusion sign of a receiver was perfect, and synchronous usurpation and holding 
circuits, such as DLL (DelayLocked Loop), were required for SC. However, since it was 
difficult for DLL to have the fault that initial drawing- in time and re-draw i ng-i n time 
are size, and to realize a perfect synchronization generally, the degradation of the 
receiving property by the imperfection of a synchronization arose. 

[0003] Although the interference canceller was conventionally used in order to prevent 
the interference between each user's signals furthermore After this interference 
canceller passes through processing of the back-diffusion of gas of an input signal, 
rake synthesis, etc. Although the input signal for a specific user was extracted by' 
reproducing the input signal corresponding to each user's signal, and reducing the 
reproduction signal of users other than a specific user from an input signal by 
spectrum diffusion, the circuit was very large-scale and expensive 
[0004] 

[Problem(s) to be Solved by the Invention] It aims at having been originated that such 
a conventional trouble should be canceled, and this invention canceling the trouble 
relevant to the synchronization, and an interference canceller offering the unnecessary 
multiuser recovery technique and unnecessary equipment. 
[0005] 

[Means for Solving the Problem] The multiuser recovery technique concerning this 
invention extracts a specific user's signal by only carrying out threshold processing 
of the signal which carried out back-diffusion of gas of the input signal, re-diffuses 
the extracted signal and extracts the input signal for a specific user by reducing 
re-diffusion signals other than a specific user from an input signal. 
[0006] 

[Embodiments of the Invention] Next, one example of the multiuser recovery technique 

concerning this invention is explained based on a drawing. 

[0007] 

[Example] Drawing 1 shows notional ly one example of the multiuser recovery technique 
concerning this invention, carries out back-diffusion of gas of the input-signal R (t) 
in complex ******** VCFs MF11 and MF12, MF1 n, and extracts each user's signal. 

Each user's signal extracted here has received asymmetry by the transmission line, and 
thermal noise is further included in the input signal. When ai and each user's 
diffusion sign are set to PNi and thermal noise is set [ the signal of each user who - 
took transmission-! ine asymmetry into consideration here ] to n (t) for li (t) and its 
receiving level, input-signal R (t) is .[Equation 1]. 
/?(/) = 671 • PN\ • + al • PN2 • 72(0+ +ctn • PMn • ///(/) + n(t) ( [ ) 

It is expressed. 

[0008] For example, if input-signal R (t) is processed by 1st ******** VCF MF11, the 
output voltage of the solid line of drawing 2 arises, and two or more peaks P1, P2, and 
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P3 have appeared in this output voltage at every one period (1 symbol time). The 
voltage shown as a solid line is the correlation result of an operation of the 1st term 
of a formula (1) and a therma I -no i se term, and the 1st-user diffusion sign. Moreover, 
an alternate long and short dash line is an interference-wave voltage, and is the 
correlation result of an operation of the sum of the 2nd term of a formula (1), - the 
n-th term, and the 1st~user diffusion sign. 

[0009] Generally, although the diffusion sign given to each user has a high 
orthogonality, and the level of an interference wave is low since a cross-correlation 

is low, if the number of users increases, the level of an interference wave will become • 
high as shown in drawing 2 , and an exact peak detection will become difficult in a 
DS-CDMA method. 

[0010] Then, the output of ******** VCF MF1 1 - MF1n is inputted into the principal wave 

extraction sections TH11 and TH12 TH1n, and removes an interference wave and 

thermal noise compu Isor i ly. It is processing which a principal wave extraction is 
processing ] threshold processing, and the inside P3 of the peaks P1-P3 in drawing 2 
is notional ly eliminated [ processing ] as a peak below predetermined level here, and 
produces a wave as shown in drawing 3 . However, in actual threshold processing, since 
the input below a threshold is changed into the signal of a low, the output of the 
drawing 38 or the drawing 40 produces it in fact. The principal wave extraction section- 
makes a threshold the voltage which applied predetermined proportion to the peak 
voltage which gives the maximum power within 1 symbol time, and carries out threshold 
processing of the input signal. The output of the principal wave extraction section is 

inputted into the re-diffusion sections RS11 and RS12 RS1n, respectively, and a 

spread spectrum is performed again. This re-diffusion output is the replica signal 
approximated to the input signal for each user, for example, the output of RS11 is a 
replica signal for users other than the 1st. 

[0011] The diffusion signal for each user is generated using the above replica signal. 
That is, in generation of the diffusion signal for the i~th user, the sum of the 
replica signal of users other than the i~th is subtracted from input-signal R (t) in 
adder ADD1 i . Input-signal R (t) is delayed by the delay circuit D1, and the timing with 
the processing result by the ******** VCF, the principal wave extraction section, and 
the re-diffusion circuit is adjusted. Supposing the status with an ideal replica 
signal, i.e., the i-th term of a formula (1), is extracted, an adder output will serve 
as the diffusion signal component for the i-th user, and the sum of thermal noise, as 
shown in a formula (2). 
[Equation 2] 

Aouti = R(t)-{al • PN1 • /1(f) + a2 • PN2 - 72(/ )+...+<// - I • PNi - I • li - \{t)] 
-\ai + i • PNI +1*7/4- 1(/)+...-kj/7 • PNn • /«(/)} 
- ai • PNi • Ii(t) -h n{t) ( 9 ) 

In the output of an adder, it turns out that the influence of a cross-correlation, 
i.e., an interference, can be mitigated so that clearly from a formula (2). 
[0012] Thus, the correlation operation of the extracted diffusion signal component is 
carried out by complex ******** vCFs MF21 and MF22, MF2n, and, ideally, the 

back-diffusion-of-gas signal component of each user in an input signal is extracted. In 

the judgment circuits J11 and J12 J1n, presence of a correspondence user's signal 

is judged to this correlation result of an operation, and the signal is outputted. 
[0013] Here, the effect of the example of drawing 1 is shown through various ******** 
VCF outputs when the multi-pass has not arisen. 

[0014] Drawing 4 shows the example of a simulation of the output of above-mentioned 
******** VCF MF21 when there are very few interferences. The conditions of a simulation 
are made into primary modulation QPSK. a diffusion sign 128 chip M sequence, the 
exaggerated measurement size 4, and two user numbers here, and it is a correlation 
operation under the static conditions in a baseband band. In this drawing, the 1st 
user^s (it considers as the office of choice.) correlation peak is detected at the time 
of t= 0. Moreover, 100dB and the wave motion power pair interference-wave power ratio 
(D/U) of choice of the signal energy pair noise power flux density per bit (Eb/No) are 
100dB, and the influence of a noise and an interference performed parvus conditioning 
extremely. In addition, the peak in time t= 512 is unrelated to the impulse response of 
a transmission line according to the contiguity symbol. 

[0015] Drawing 5 is what carried out 16 symbol time display of the ******** VCF output 
of drawing 4 , and shows simultaneously the real -number component (I phase) and the 
imaginary number component (Q phase). Therefore, when there is only one peak, I phase 
and Q phase have the same polarity, and that a peak exists up and down shows that I 
phase and Q phase are an antiphase mutually. As shown in drawing, on such ideal 
conditions, a clear peak arises and the interference by other users is not produced. 
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[0016] Drawing 6 is as a result of [ which ten interference offices other than 
D/U--10dB, i.e., the office of choice, exist, and shows the status of =(wave motion 
power of choice)0. 1x (interference-wave power) ] a simulation. Here, the big 
interference peak other than the office peak of choice of t= 0 is produced at the time 
of t= 270. It is generated when it differs if a diffusion sign changes, since it is 
influenced by the cross-correlation value, and this interference peak causes an 
incorrect judging. Or the office peak level of choice may decline by presence of an 
interference peak, and it is easy to produce an incorrect judging also at this point. 
[0017] Drawing 7 is a ******** VCF output for interference offices in the same 
conditions as drawing 6 , and the interference office peak has produced it more clearly 
than the office peak of choice of drawing 6 . Although it is the position of this peak 
at the time of t= 128, it is based on this having adopted the method of asynchronous 
CDMA. With asynchronous CDMA, each user's diffusion sign is made asynchronous into the 
same cell here. The diffusion sign phase of an interference wave is shifted as the 
worst conditions this time by 128 samples which become the worst [ a cross-correlation 
value ] (a part for 32 chips). 

[0018] Drawing 8 carries out 16 symbol term display of the ******** VCF output of 
drawing 6 . In this case, the office peak of choice which should be produced in t= 0 is 
unstable, and the detection is impossible. That is, it also understands a certain thing 
that the office of choice is buried with some level of a cross-correlation value. 
[0019] In the comparison with the above graph, the result which removed the 
interference wave according to the example of drawing 1 is shown in drawing 9 . That 
is, drawing 9 shows the result which removed the interference wave according to the 
example of drawing 1 , the peak of the office of choice is stabilized, and the almost 
same property as the case ( drawing 5 ) where an interference wave does not exist is 
acquired. That is. elimination of an interference wave can detect the office peak of 
choice now certainly. 

[0020] Next, the case where a multi-pass arises is explained. 

[0021] Drawing 10 is a ******** VCF output when carrying out 3 pass static conditions 
of the impulse response of a transmission line, the direct wave of the office of choice 
arises in t= 128, and the retardation wave motion has produced it in t= 138 and t= 148. 
here — the gain of each pass — 1.0 and 0. — it is set as 7 and 0.5 
[0022] drawing 11 — the multi-pass signal of drawing 10 — Eb/No=100dB (there is 
almost no influence of a noise.), and D/U=-10dB (the influence of an interference wave 
is large.) — the ******** VCF output of 16 symbol time is displayed on the bottom of 
conditions in this drawing, since interference-wave level is high, the peak of the 
office of choice can be recognized — it has become 

[0023] Drawing 12 performs interference cancel by the example of drawing 1 to the same 
multi-pass signal as drawing 1 1 , and the direct wave of the office of choice serves as 
a clear peak, it appears, and it turns out that it can perform a peak detection 
certa inly. 

[0024] Drawing 13 is a graph which shows the bit error rate to Eb/NO variously, and 
compares the bit error rate (a dashed line and a balloon plot show.) by the example of 
drawing 1 , the bit error rate (dashed line) when not performing interference-wave 
cancel at all, and a bit error rate theoretical value (solid line). When not performing 
interference-wave cancel from drawing, as compared with this example, a bit error rate 
increases several 10 times from several times, and this example serves as the value 
approximated to the theoretical value. 

[0025] Processing of complex ******** VCF MF11 in the example of drawing 1 - MF1 n, 
MF21-MF2n, the principal wave extraction section TH11 - TH1 n, re-diffusion section RS11 
- RS1n, adder ADD1 1 - ADD1 n, and the judgment circuit J11 - J1n is realizable with 
various modes so that it may illustrate below. 

** The mode which realized the whole by software on the general purpose computer. 

** For CPU, it is the mode which realized only the ******** VCF with a high calculation 

load by DSP or the digital circuit of exclusive use, and realized other fractions by 

software. 

** The mode which realized the whole by DSP or the digital circuit of exclusive use. 

** For CPU, it is the mode which realized only the ******** VCF with a high calculation 

load by the analog circuit, and realized other fractions by software. 

** The mode which realized only the ******** VCF by the analog circuit and realized 

other fractions by DSP or the digital circuit of exclusive use. 

** The mode which realized the whole by the analog circuit. 

In order to raise processing speed, it is necessary to raise the proportion of an 
analog or a digital personal circuit and, and in these modes, the analog circuit is 
more advantageous than the digital circuit in respect of power consumption. 
[0026] Drawing 14 shows ******** VCF MF1 1 by the exclusive digital circuit, and drawing 
15 shows the principal wave extraction section TH11 by the exclusive digital circuit. 
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[0027] In drawing 14 , ******** VCF MF11 has shift register SFTREG of n stage where the 
digitized input signal Vin14 is inputted, and the multiplication circuit MUL141 - 
MUL14n are connected to each stage of a shift register, respectively. The PN code is 
set to each multiplication circuit as a multiplier, and the operation which multiplies 
by the PN code to an input signal is performed. And all the outputs of a multiplication 
circuit are inputted into adder-circuit ADD14, and are integrated in here. The addition 
result V.out14 is the so-called ******** VCF output. In addition, since a PN code is 
usually 1-bit data, the AND gate which passes each bit of an input signal is sufficient 
for a multiplication circuit. 

[0028] The principal wave extraction circuit TH11 has shift register SFTREG which holds 
the ******** VCF output V i n1 5 by 1 symbol time, and comparator circuits C1-Cn are 
connected to each stage of this shift register, the first rank of a shift register — a 
stage is connected to the maximum circuit MAX and the feedback data from the latter 
multiplexer MUX are inputted into this maximum circuit The output of the maximum 
circuit MAX is connected to registers REG1 or REG2 through a selector SEL, and a 
multiplexer MUX outputs the output of these registers alternatively, the data with 
which the maximum circuit was outputted from MUX, and the new first rank — stage data 
are compared and larger data are inputted into a new register When the data outputted 
here from MUX are a thing from REG1, REG2 serves as a new register and serves as the 
register with new REG1 to REG2. Therefore, large data will be registered into REG1 and 
REG2 by alternation. A selector is switched to a register always new and a multiplexer 
is switched in response to this. 

[0029] The output of a multiplexer is further connected to the multiplication circuit 
MUL, and the threshold Vth which applied predetermined proportion to maximum here is 
computed. The threshold computed here is inputted into comparator circuits C1-Cn, and 
is compared with the data of each stage of a shift register. The comparison result is 
as being shown in drawing 16 , only the data more than Vth are outputted as it is. and 
the data of under Vth are omitted by 0V. Processing of the above-mentioned principal 
wave extraction is attained by this. 

[003°] Drawing 17 shows one example of the demodulator concerning this invention, 
realizes the principal wave extraction section, the re-diffusion section, and a 
judgment circuit by the exclusive digital circuit, and has realized others by the 
exclusive analog circuit. 

[0031] In drawing 17 , input-signal R (t) is inputted into ******** VCF MF1 1 - MF1n, 
and the delay circuit D17 of an analog, and the output of MF1 1 - MF1 n passes through 
A/D-conversion circuit ADC11 - ADC1 n. and is inputted into the digital principal wave 
extraction circuit TH1 1 - TH1 n, and re-diffusion circuit RS11 - RS1n. The output of 
RS11 - RS1n is inputted into adder-circuit ADD11 - ADD1 n through D/A-convers ion circuit 
DAC11 - DAC1 n, and is subtracted from the output of a delay circuit D17. The output of 
an adder circuit is inputted into ******** VCF MF21 - MF2n, and is again inputted into 
the judgment circuit J11 - J1n through A/D-conversion circuit ADC21 - ADC2n after that. 

[0032] drawing 18 — setting — the analog delay circuits D181 and D182 of a plurality 

[ MF / ******** VCF /11 / of an analog ] D18n — in-series — connecting — 

input-signal R (t) of an analog — the first rank — it is transmitted to the latter 
part one by one from a delay circuit, and results in last card row delay circuit D18n 

The analog multiplication circuit MUL181 MUL18n are connected to the output of 

each delay circuit, and PN codes PN1, PN2 PNn are hung on an input signal in 

these multiplications circuit. The output of the multiplication circuit MUL181 - MUL18n 
is inputted into adder-circuit ADD181, and all multiplication results are added. If 
delay time in the delay circuit D181 - D18n is set to Tc, the following operations will 
be performed with the above ******** VCF. 
[Equation 3] 



In addition, the above configuration is the same also about MF12 - MF1 n, and MF21~MF2n. 

[0033] drawing 19 — setting — the sample hold circuit SH191 of a plurality [ delay 
circuit / D17 ], - SH19n — in-series — connecting — the first rank — the input 
voltage Vin19 inputted into the sample ho I d c i rcu i t SH1 91 is transmitted to the latter 
part one by one, and each sample hold circuit performs sample hold of data in response 
to a clock CLK19 The number of stages of a delay circuit and the timing of a clock are 
set up so that it may synchronize with the timing to which input-signal R (t) arrives 
at an adder circuit through a ******** VCF, the principal wave extraction section, and 
the re-diffusion section. In addition, it is also possible for a delay circuit to have 
the function of a shift register and to use the output Vout191 from each sample hold 




(3.) 
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circuit - Vout19n as data as it is. In addition, the analog delay circuit in drawing 18 
also becomes the same configuration as drawing 19 

[0034] A sample hold circuit SH191 is constituted as shown in drawing 20 , it connects 
a buffer B201, the switch SW201, the buffer B202, the switch SW202. and the buffer B203 
to a serial one by one, and comes to connect the grounding capacitance C201 and C202 
with the latter part of switches SW201 and SW202. Input voltage Vin20 is inputted into 
a buffer B201, and a buffer outputs Vin20 stably irrespective of a latter load. When 
SW201 is closed, the charge and discharge of the grounding capacitance C201 wi I I be 
carried out to the charge corresponding to the output voltage of a buffer B201, and a 
voltage will be held with capacitance C201. After the completion of a hold, a switch 
SW201 is opened wide and a hold of the following input voltage is equipped with it. The 
held voltage turns into the input voltage of a buffer B202, and is stably outputted 
from a buffer B202. If a switch SW202 is closed here, according to the output voltage 
of a buffer B202, the charge and discharge of the grounding capacitance C202 will be 
carried out, and the output of a buffer B202 will be held. The voltage held with the 
grounding capacitance C202 turns into the input voltage of a buffer B203, and is 
outputted to the latter part as a stable output Vout20 of a buffer B203. 
[0035] Switches SW201 and SW202 are closed by turns to predetermined timing, and input 
voltage Vin20 is transmitted and held one by one C201 and C202. And since the voltage 
transmitted to C202 is not influenced of input voltage Vin20 to closing of the next 
switch SW202, it can generate the stable output Vout20. 

[0036] As a buffer B201, a ************ follower type ( drawing 21 ) or an inversion 
buffer type ( drawing 22 ) can be adopted. 

[0037] A buffer B201 connects input voltage Vin21 to the non inverting input of an 
operational amplifier 0P21; and makes output voltage Vout21 come to return to the 
inversion input in drawing 21 . In this circuit, the ratio of I/O is set to +1 and an 
input arises in an output as it is. 

[0038] The circuit of drawing 22 grounds the non inverting input of an operational 
amplifier 0P22, and comes to connect input voltage Vin22 with an inversion input 
through an impedance Z221. Moreover, the output of an operational amplifier 0P22 has 
returned to the inversion input through the impedance Z221 and the equal impedance 
Z222. The output Vout22 of this circuit is equal to -Vin22, and since input voltage is 
outputted in a sample hold circuit through three steps of buffers B201, B202, and B203, 
the final output is inverted. Therefore, although the final output Vout19 ( drawing 19 ' 
) serves as the same sign as Vin19 when the sample hold circuit in a delay circuit is 
even level, at the time of odd level, you should add the buffer for reversing an input 
or an output further. In addition, since the sample hold circuit SH192 - SH19n are 
constituted like SHI 91 , they omits an explanation. 

10039] Drawing 23 is a graph which shows an operation of a sample hold circuit, and 
shows input voltage (Vin20), the 2nd step buffer (B202) output, and output voltage 
(Vout20) in the relation with a clock CLK20 about SH191 and SH192. 
[0040] If a switch SW201 is closed in Vin20 to SH191 changing now (CLK20 is a low), 
Vin20 will appear as B202 output of SH191 as it is during the closed period. B202 
output is fixed until B202 output is held and CLK20 is again set to a low, when SW201 
is opened (CLK20 is a high level). A switch SW202 is closed at the time of the high 
level of CLK20, generates the voltage which held the voltage held at the time of SW201 
opening one by one by one period of CLK20, and outputs it as Vout20. 

[0041] The output of a sample hold circuit SH191 serves as the input voltage (Vin20) of 
the 2nd step of sample hold circuit SH192, is held in SH192 to the timing for which 
CLK20 was delayed by the half period in input voltage by SW201, generates the voltage 
which carried out the half-period retardation of it further by SW202, and outputs it as 
output voltage Vout20. 

[0042] As compared with a digital type delay circuit, a circuit scale is small, and the 
delay circuit above analog type has slight power consumption. 

[0043] Drawing 24 shows the 2nd example of a sample hold circuit. This sample hold 
circuit realizes the same property as an inversion buffer by three steps of CMOS 
inverters 1241, 1 242, and 1 243, the output of 1 243 returns to the input of 1241 through 
the feedback capacitance C242, and input voltage Vin24 is connected to the input of 
1241 through the CMOS switch SW241 and the input capacitance C241 one by one. 
[0044] If it is wide opened once SW241 is closed, the charge and discharge of C241 will 
be carried out to the charge according to Vin24 at the time. C242 is set up equally to 
C241, and the three step inverters 1241-1243 output the voltage held by C241 as an 
output of 1 243 as it is. The CMOS switch SW242 is connected to the output of 1 243, and 
the hold of input voltage and the output are possible by opening and closing SW241 and 
SW242 by turns like the sample hold circuit of drawing 20 

[0045] Furthermore, an output is inputted into SW242 through capacitance C244 at the 
same three step CM0§ inverters 1 244, 1 245, and 1 246 as the above, and the output of 
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1246 is connected to the input of 1244 through the feedback capacitance C245. The sign 
of I/O of a sample hold circuit has consistency by this. 

[0046] The grounding capacitance C243 and C246 as a low pass filter is connected to the 
output of a last card row MOS inverter, and, as for these three steps inverter, one 
pair of balanced resistances RE241, RE242, RE243, and RE244 are connected to the 2nd 
step of output. RE241 and RE243 are connected to supply voltage Vdd, and RE242 and 
RE244 are grounded and have suppressed the gain of a three step inverter. By such 
circuit arrangement, the oscillation of the three step inverter containing the feedback 
system is prevented. 

[0047] Drawing 25 shows the multiplication circuit of above-mentioned ******** VCF 
MF11, leads input voltage Vin25 to the impedances Z251 and Z252 from which a plurality 

is different Z25n, and has inputted the output of these impedances into the 

inversion input of an operational amplifier 0P25 in arbitrary combination by the switch 
SW251 - SW25n. A noninverting input is grounded and, as for the operational amplifier 
0P25, the output has returned to the inversion input through feedback- impedance Z25f. 
An operational amplifier 0P25 constitutes an inversion buffer, and each impedance 
consists of a capacitor. Impedance Z25i is [Equation 4] by capacitor C25i here. 
Z25i = ( 4 ) 

When the sum of the capacity of the capacitor by which it was expressed and the switch 
was closed is expressed as sigmaC25i, output voltage Vout25 is [Equation 5] 
YC25Z 

Vout25 = - Vin25 ( 5 ) 

C25/ vo) 

It becomes. This means the multiplication which multiplied by - (C25i/C25f) to Vin25. > 
If SW251 - SW25n are closed in arbitrary combination, for example, the capacity of C25i 
is set as the exponentiation of 2, the multiplication of the arbitrary multipliers of a 
binary digit will become possible, in addition, a PN code — as for such a weighting, 
or (1, 0) (1, -1) is unnecessary at the time of binary 

[0048] In addition, as shown in a formula (5), since it is reversed, when using this as 
an output as it is, the inversion buffer which reverses a sign further is required for 
the sign of an output. Moreover, the sign of a coefficient is not contained in the 
formula (5). Drawing 26 is an addition circuit for this inversion or sign adjustment, 
and according to the sign of a multiplier (PN code), Vout25 is led to an inversion 
buffer, or it carries out a direct output. An inversion buffer grounds a noninverting 
input while it connects an impedance Z26 to the inversion input of an operational 
amplifier 0P26, and it is returning the output of 0P26 to the inversion input. The 
output Vout261 which went via the inversion buffer corresponds to a positive PN code, 
and a direct output Vout262 corresponds to a negative PN code. 

[0049] Drawing 27 shows adder-circuit ADD181 kicked to ******** VCF MF11. Adder-circuit 
ADD181 grounds a noninverting input, and is returning the output of an operational 
amplifier 0P27 to the inversion input through impedance Z27f further while it connects 
the impedance Z271 - Z27n in parallel with the inversion input of an operational 
amplifier 0P27. It is [Equation 6], when an impedance consists of capacitor C27 i - C27n 
and C27f, and the input to each impedance is set to Vin271 - Vin27n and it sets an 
output to Vput27. 

j?F/>/27/C27/ 

Vout 27 = ( 5 j 

€27/ K } 

[0050] Drawing 28 shows ******** VCF MF1 1 for the binary PN code of (1, 0) , ******** 
filter circuit MF11 has the sample hold circuit SH281 of a plurality (n pieces), - 
SH28n, and the parallel input of the input signal Vin28 is carried out at these sample 
hold circuits. 

[0051] A sample hold circuit SH281 is constituted as shown in drawing 29 , and input 
voltage Vin29 is connected to the switch SW29. The output of a switch SW29 is connected 
to capacitance C291. and three steps of in-series MOS inverters 1291, 1 292, and 1 293 
are connected to the output of capacitance C291. It connects with the input of 1291 
through the feedback capacitance C292, and Vin29 produces the output Vo29 of the MOS 
inverter 1 293 of the last card row in the output of 1 293 with a good linearity by this. 
If SW29 is closed, C291 will be charged by the charge corresponding to Vin29, and the 
alignment property of an output will be guaranteed by the feedback function of 
1291-1293. And when a switch SW29 is opened wide after that, a sample hold circuit 
SH281 will hold Vin29. The output of 1 293 of the last card row is connected to a gland 
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through the grounding capacitance C293 f and the 2nd-step output of 1292 is connected to 
the supply voltage Vdd and the gland through one pair of balanced resistances R291 and 
RE292. By such configuration, the oscillation of the inversion amplifying circuit 
containing the feedback system is prevented. In addition, since the sample hold circuit 
SH282 - SH28n are constituted like SH281, they omits an explanation. 
[0052] As shown in drawing 30 , the above-mentioned multiplication circuit MUL11 
consists of two multiplexers MUX301 and MUX302, and the above Vo29 and the common 
reference voltage Vr are connected to these multiplexers. 

[0053] Switch SW and the multiplexers MUX301 and MUX302 are controlled by the control 
signals S1, S2, and S3, and once closing S1, when it should incorporate input voltage, 
it opens SW29. S2 and S3 are the inverted signals, and when one multiplexer outputs 
Vo29, the multiplexer of another side outputs Vr. MUX301 and MUX302 output Vo29 from 
MUX301, when it corresponds to "1" (high level) of a diffusion sign, and (low)- and 

the input voltage at a certain time should be multiplied by the sign "1", and when it 
should multiply by "-1", they output Vo29 from MUX302. Since this highness and the 
level of a row are represented, in drawing 30 , VH and the output of MUX302 are 
displayed for the output of MUX301 by VL. 

[0054] As shown in drawing 31 , a switch SW29 consists of a transistor circuit T31 
which connects the source of n type MOS transistor, and a drain with the drain of p 
type M0S transistor, and the source, respectively, and becomes, connects input voltage 
Vin31 to the terminal by the side of the drain of nMOS of this transistor circuit, and 
comes to connect the terminal of the source of nMOS with an output terminal Vout31 
through the dummy transistor DT31 of the same configuration. S1 is inputted into the 
gate of nMOS transistor in a transistor circuit T31, and the signal which inverted S1 
by the inverter 131 is inputted into the gate of pMOS transistor. When S1 is 
high-level, T31 flows, and T31 is intercepted by this when it is a low. 
[0055] As shown in drawing 32 , the drain of one pair of MOS transistors of n type and 
p type [ multiplexer / MUX301 ], In the terminal by the side of the drain of nMOS [ in 
/ it comes to connect with the common output terminal Vout32 the terminal by the side 
of the source of nMOS of the transistor circuits T321 and T322 which come to connect 
the source mutually, and / T321 ], it is the output Vo29 (it is shown all over [ Vin321 
] drawing. )■ of the MOS inverter 1 293. It connects and is a reference voltage Vr (it is 
shown all over [ Vin322 ] drawing.) in the drain of T322. It connects. A signal S2 is 
inputted into the gate of nMOS transistor in a transistor circuit T321, and the gate of 
pMOS transistor in a transistor circuit T322, and the signal which inverted S2 by the 
inverter (32 is inputted into the gate of nMOS of pMOS and T322 of T321. When S2 is 
high-level, T321 flows, T322 is intercepted by this, T322 flows at the time of a low, 
and T321 is intercepted. That is, MUX301 may output Vo29 or Vr alternatively with 
control of S2. 

[0056] Although illustration is omitted, a multiplexer MUX302 is constituted like 
MUX301, and connection of Vo29 and Vr has reversed it. That is, it is the configuration 
of having connected Vr to T321 and having connected Vo3 to T322. By this, MUX302 
outputs Vo29, when the output 301 opposite to MUX301, i.e., MUX, outputs Vo29 and 
MUX301 outputs Vr for Vr. 

[0057] A signal S2 corresponds to a diffusion sign, and when S2 is "1", the 
multiplication circuit MUL11 outputs Vr and MUX302 to Vo29 from MUX301, when S2 is "0" 
about Vo29 and MUX302 to Vr from MUX301. These outputs are led to above-mentioned 
adder-circuit ADD28. That is, although the signal of one line from MUL281 to ADD28 is 
described, this represents two signals, a high-level side and a low side, with drawing 

28 . 

T0058] In drawing 33 , adder-circuit ADD28 has the capacity coupling CPL as which the 
low signals VL1~VLn from the capacity coupling CPH and MUL281 - MUL28n into which the 

high-level signals VH1-VHn from MUL281, MUL282, MUL28n were inputted were 

inputted, CPL comes to carry out parallel connection of the capacitance CL1-CLn, and 
CPH comes to carry out parallel connection of the capacitance CH1-CHn. the first rank 
of the MOS inverters 1331, 1 332, and 1 333 with the output of CPL in-series three steps 
— it connects with an input — having — the output of 1 333 — the feedback 
capacitance C331 — minding — the first rank — it is fed back to the input This three 
step inverter has guaranteed the linearity of input/output relation according to 
sufficient big its open loop and gain. 

[0059] the first rank of the MOS inverters 1 334, 1 335, and 1 336 with the output of CPH 
in-series three steps — it connects with an input — having — the output of 1 336 — 
the feedback capacitance C333 — minding — the first rank — it is fed back to the 
input This three step inverter has guaranteed the linearity of i nput/output* re I at ion 
according to sufficient big its open loop and gain. Furthermore, the output of 1 333 is 
connected to the input of 1 334 through joint capacitance CC33 in parallel with capacity 
coup I ing CPH, and the sum of inversion of the output of CPL and the output of CPH is 
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inputted into the three step inverters 1334-1336. 

[0060] The output of the MOS inverters 1333 and 1336 of the last card row in the 
above-mentioned three step inverter is connected to a gland respectively through the 
grounding capacitance C332 and C334, and the output of the 2nd step of MOS inverters 
1332 and 1335 is connected to the supply voltage Vdd and the gland respectively through 
one pair of balanced resistances R331, R332, R333, and R334. By such configuration, the 
oscillation of the inversion amplifying circuit containing the feedback system is 
prevented. 

[0061] Adder-circuit ADD28 performs the operation of a formula 
relation between capacitance is set up like formula (8) - (10) 
of an operation is obtained as a result. 
[Equation 7] 

Y VLi • CLi 

1 *CC33 + ^VHi*CHi 



(7), 
the 



and s i nee the 
formula (11) result 



Vdd- 



C331 



Vonm**Vdd-± 



1 



C333 

CLl = CL2 CLn 

cm -cm cun 

C33 1 = C333 = CC33 = n • CLi = ?i • CHi 



1 {VLi - VHi) 



Voui33 



(7) 

(8) 
(9) 
(10) 

(11) 



[0062] VLi and Vhi are changed into representation of the formula (12) on the basis of 
a reference voltage Vr, and (13) here. 
[Equation 8] 

VHi - Vr -tvhi (12) 
VLi » Vr + vli (1.3) 

A formula. (14) will be obtained if this formula (12) and (13) are substituted for a 
formula (11). 
[Equation 9] 



Von 133 



n 



( 1 4 ) 



[0063] Furthermore, a formula (14) is rewritten by the formula (15), when the signal 
which held the input signal Vin1 to time series by the sample hold circuit SH31 - SH3n 
when a certain time was set to t and chip time was set to Tc and natural number i sets 
to Pni S (t-i and Tc) and the PN code by which this is multiplied, since 
the data by the three step inverter is performed also in the sample hold 
[Equation 10] 



i nvers i on 
c i rcu i t. 



of 



PNi • S(t - / • Tc) 



Voui33 = — 



n 



(1 



5) 



This is the operation of a common ******** VCF. 

[0064] In addition, since the output is normalized by number n of an input in the above 
operation, it is prevented that the maximum voltage of an output exceeds supply 
voltage, and the stability of operation is guaranteed. 

[0065] The above-mentioned reference voltage Vr is generated by reference-voltage 
generation circuit Vref shown in drawing 34 . this reference-voltage generation circuit 

— the last card row output of three steps of in-series inverters 1341, 1 342, and 1 343 

— the first rank — it is the circuit returned to the input and oscillation prevention 
processing by the grounding capacitance C34 and the balanced resistances R341 and R342 

i s performed like the above-mentioned addition section It is completed as the stable 
point that the I/O voltage becomes equal by the output, and reference-voltage 
generation circuit Vref can generate a desired reference voltage by threshold setup of 
each MOS inverter. In order to secure a sufficiently big dynamic range to 
posit i ve/negat ive both directions generally, it is set up in many cases with Vr=Vdd/2. 
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Vdd is the supply voltage of MOS inverter here. 

10066] Drawing 35 shows the 2nd example of a multiuser demodulator, rather than drawing 
H , raises the proportion of an analog circuit and has analog-ized further the 
principal wave extraction circuit and the re-diffusion circuit. 

[0067] Drawing 36 shows the 1st example of the analog type principal wave extraction 
circuit TH11. The principal wave extract i on c i rcu i t TH1 1 consists of comparator CMP36, 
and the input voltage Vin36 and the threshold voltage Vth are inputted into the input. 
The voltage V1 of a high level and. the voltage V2 of a low are impressed to CMP36, and 
when it is Vin36 >=Vth, at the time of Vin36<Vth, V2 becomes [ V1 ] the output of 
CMP36. Drawing 37 is a graph which shows the input/output relation of CMP36, and output 
voltage Vout36 is changing from V1 to V2 abruptly by whether input voltage Vin exceeds 
Vth.. By this, the fraction which surpassed the threshold voltage in the ******** VCF 
output is set to V1, and other fractions are set to V2. The result which processed the 
******** VCF output of drawing 2 by the above principal wave extraction circuit becomes 
as in drawing 38 , and it turns' out that the wave motion power of choice is extracted. 
In addition, it cannot be overemphasized that TH12 - TH1 n can be constituted similarly. 

[°°68] Drawing 39 shows the 2nd example of the principal wave extraction circuit TH11. 
The principal wave extraction circuit TH11 has the multiplexer MUX39 into which input 
voltage and the above-mentioned reference-voltage Vref were inputted, and the signal of 
the result which subtracted the threshold voltage Vth from Vin39 as a control signal of 
a multiplexer is used. Vth is inputted into the three step inverters 1391, 1 392, and 
1 393 as an inversion buffer through capacitance C391, and the output of 1 393 has 
returned to the input of 1391 through capacitance C392. Moreover, the grounding 
capacitance C393 is connected to 1 393 output, and the balanced resistances RE391 and 
RE392 are connected to 1 392 output. 1 393 output and Vin36 are inputted into 
capacity-coupling CP39 which consists of capacitance C394 and C395, and the output of 
CP39 is inputted into the inverter 1 394. The above-mentioned three step inverter 
generates the inversion output of Vth with a good alignment property, and 
capacity-coupling CP39 generates the sum of the output of 1 393, and Vin39. Here, it 
becomes if the output of CP39 is set to Vo39 and C394=C395. 
[Equation 11] 

VnW C394 i Vdd -Vth) + C395*Vin39 . Vdd Vin39 -Vth 

rojy = ■ = 1 ( i a ) 

C394 + C395 2 2 

[0069] An inverter 1394 outputs OV, when Vdd / two or more voltages are inputted (i.e 
when it is Vin39 >=Vth) , and it outputs Vdd at the time of Vin39<Vth. MUX39 is 
controlled by the signal binary [ this ]. MUX39 outputs Vin39 at the time of Vin39 
>-Vth, and outputs Vref at the time of Vin39<Vth. Therefore, the result which processed 
the ******** VCF output of drawing 2 by the principal wave extraction circuit is as 
drawing 40 . In addition, it cannot be overemphasized that TH12 - TH1 n can be 
constituted I ike TH11. 

[0070] Drawing 41 shows the 1st example of re-diffusion circuit RS11. In RS11, input 
voltage Vin41 is connected to a switch SW41, and it is opened [ SW41 ] and closed by 
the control signal CTRL41 in suitable timing. The output of SW41 is inputted into the 
three step inverters 1411, 1412, and 1413 as an inversion buffer through capacitance 
C411, and the output. of this three step inverter is inputted into the same three step 
inverters 1414, 1415, and 1416 through capacitance C414. The output of 1413 returns to 
the input of 1411 through capacitance C412, and the output of 1416 has returned to the 
input of 1414 through capacitance C415. The grounding capacitance C413 and C416 is 
connected to the output of 1413 and 1416, respectively, and the balanced resistances 
RE411, RE412, RE413, and RE414 are connected to the output of 1412 and 1415. 
[0071] The output of 1413 and 1416 is inputted into a multiplexer MUX41, and MUX41 is 
switched and controlled by the binary PN code. When a PN code is "1", the output of 
1416 is chosen, and non inverting Vin41 which passed through the inversion buffer of two 
phases is outputted from MUX41. Moreover, when a PN code is or "0", the output of 

1413 is chosen, and the inversion signal of Vin41 which passed through the inversion 
buffer of one phase is outputted from MUX41. The output Vout41 of MUX41 is equivalent 
to the result which multiplied input voltage Vin41 by the PN code, and this serves as 
the diffusion signal of Vin41. In addition, since RS12 - RS1n are the same as that of 
RS11, they omits an explanation. 

[0072] Drawing 42 shows the 2nd example of re-diffusion circuit RS11, and comes to 
connect the same circuit as drawing 26 with the latter part of the same sample hold 
circuit SH191 as drawing 20 . A sample hold circuit carries out the series connection 
of a buffer B421, the switch SW421, the buffer B422, the switch SW422, and the buffer 
B423, and comes to connect the grounding capacitance C421 and C422 with the output of 
SW421 and SW422. The output of B423 is connected to the switch SW423 of 1 input 2 
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output, and the 1st output is inputted into the inversion buffer which consists of an 
impedance C423, an operational amplifier 0P42, and feedback capacitance C42. The output 
of this inversion buffer is Vout421. Moreover, the 2nd output of SW243 is considered as 
the output Vout422 as it is. In suitable timing, this is reversed with an inversion 
buffer or input voltage Vin42 is outputted, without being reversed, once holding by the 
sample hold circuit. 
[0073] 

[Effect of the Invention] The extracted signal is re-diffused, the multiuser recovery 
technique which starts this invention as above-mentioned extracts a specific user's 
signal by only carrying out threshold processing of the signal which carried out 
back-diffusion of gas of the input signal, since the input signal for a specific user 
is extracted by reducing re-diffusion signals other than a specific user from an input 
signal, the trouble relevant to the synchronization is canceled conventionally, and it 
has the outstanding effect that an interference canceller is unnecessary. 



[Trans I at i on done. ] 
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* NOTICES * 



The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



Field 



[Field of the Invention] this invention relates to the multiuser demodulator for the 
receiver of a base station in a spectrum diffusion communication of a DS-CDMA (Direct 
Sequence-Code Division Multiple Access) method. 
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Technique 



[Description of the Prior Art] Although the separation extraction of each user's signal 
needed to be carried out and back-diffusion of gas of the extracted signal needed to be 
carried out in the base station receiver of a DS-CDMA method spectrum diffusion 
communication, having received the signal from two or more users, and taking an 
interference etc. into consideration, the correlation operation for back-diffusion of 
gas was performed in many cases using slide ********** (it is called below Sliding 
Correl ator :SC) which consists of a former comparatively simple circuit. And it was 
required that the phase simulation of the diffusion sign of an input signal and the 
diffusion sign of a receiver was perfect, and synchronous usurpation and holding 
circuits, such as DLL (DelayLocked Loop), were required for SC. However, since it was 
difficult for DLL to have the fault that initial drawing- in time and re-draw i ng-i n time 
are size, and to realize a perfect synchronization generally, the degradation of the 
receiving property by the imperfection of a synchronization arose. 

[0003] Although the interference canceller was conventionally used in order to prevent 
the interference between each user's signals furthermore After this interference 
canceller passes through processing of the back-diffusion of gas of an input signal, 
rake synthesis, etc. Although the input signal for a specific user was extracted by 
reproducing the input signal corresponding to each user's signal, and reducing the 
reproduction signal of users other than a specific user from an input signal by 
spectrum diffusion, the circuit was very large-scale and expensive. 
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Effect 



[Effect of the Invention] The extracted signal is re-diffused, the multiuser recovery 
technique which starts this invention as above-mentioned extracts a specific user's 
signal by only carrying out threshold processing of the signal which carried out 
back-diffusion of gas of the input signal, since the input signal for a specific user 
is extracted by reducing re-diffusion signals other than a specific user from an input 
signal, the trouble relevant to the synchronization is canceled conventionally, and it 
has the outstanding effect that an interference canceller is unnecessary. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] It aims at having been originated that such 
a conventional trouble should be canceled, and this invention canceling the trouble 
relevant to the synchronization, and an interference canceller offering the unnecessary 
multiuser recovery technique and unnecessary equipment. 
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MEANS 



[Means for Solving the Problem] The multiuser recovery technique concerning this 
invention extracts a specific user's signal by only carrying out threshold processing 
of the signal which carried out back-diffusion of gas of the input signal, re-diffuses 
the extracted signal and extracts the input signal for a specific user by reducing 
re-diffusion signals other than a specific user from an input signal. 
[0006] 

[Embodiments of the Invention] Next, one example* of the multiuser recovery technique 
concerning this invention is explained based on a drawing. 
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EXAMPLE 

[Example] Drawing 1 shows notional ly one example of the multiuser recovery technique 
concerning this invention, carries out back-diffusion of gas of the input-signal R (t) 

in complex ******** VCFs MF11 and MF12 MF1n, and extracts each user's signal. 

Each user's signal extracted here has received asymmetry by the transmission line, and 
thermal noise is further included in the input signal. When ai and each user's 
diffusion sign are set to PNi and thermal noise is set [ the signal of each user who 
took transmission- I ine asymmetry into consideration here ] to n (t) for li (t) and its 
receiving level, input-signal R (t) is [Equation 1]. 
/?(/) = al • PNI • /!(/) +a2 • PN2 • /2(/) + +an • PNn * ln(t) + «(/) ( 1 ) 

It is expressed. 

[0008] For example, if input-signal R (t) is processed by 1st ******** VCF MF11, the 
output voltage of the solid line of drawing 2 arises, and two or more peaks P1, P2, and 
P3 have appeared in this output voltage at every one period (1 symbol time). The 
voltage shown as a solid line is the correlation result of an operation of the 1st term 
of a formula (1) and a therma I -no i se term, and the 1st-user diffusion sign. Moreover, 
an alternate long and short dash line is an interference-wave voltage, and is the 
correlation result of an operation of the sum of the 2nd term of a formula (1), - the 
n-th term, and the 1st~user diffusion sign. 

[0009] Generally, although the diffusion sign given to each user has a high 
orthogonality, and the level of an interference wave is low since a cross-correlation 
is low, if the number of users increases, the level of an interference wave will become 
high as shown in drawing 2 , and an exact peak detection will become difficult in a 
DS-CDMA method. 

[0010] Then, the output of ******** VCF MF1 1 - MF1n is inputted into the principal wave 

extraction sections TH1 1 and TH12 TH1 n, and removes an interference wave and 

thermal noise compulsori ly. It is processing which a principal wave extraction is 
processing ] threshold processing, and the inside P3 of the peaks P1-P3 in drawing 2 
is notional ly eliminated [ processing ] as a peak below predetermined level here, and 
produces a wave as shown in drawing 3 . However, in actual threshold processing, since 
the input below a~ threshold is changed into the signal of a low ; the output of the 
drawing 38 or the drawing 40 produces it in fact. The principal wave extraction section 
makes a threshold the voltage which applied predetermined proportion to the peak 
voltage which gives the maximum power within 1 symbol time, and carries out threshold 
processing of the input signal. The output of the principal wave extraction section is 
inputted into the re-diffusion sections RS1 1 and RS12, RS1n, respectively, and a 

spread spectrum is performed again. This re-diffusion output is the replica signal 
approximated to the input signal for each user, for example, the output of RS11 is a 
replica signal for users other than the 1st. 

[0011] The diffusion signal for each user is generated using the above replica signal. 
That is, in generation of the diffusion signal for the i~th user, the sum of the 
replica signal of users other than the i-th is subtracted from input-signal R (t) in 
adder ADD1 i . Input-signal R (t) is delayed by the delay circuit D1 f and the timing with 
the processing result by the ******** VCF, the principal wave extraction section, and 
the re-diffusion circuit is adjusted. Supposing the status with an ideal replica 
signal, i.e., the i~th term of a formula (1), is extracted, an adder output will serve 
as the diffusion signal component for the i-th user, and the sum of thermal noise, as 
shown in a formula (2). 
[Equation 2] 

Aouti = R(t)- {al • PNI • + a2 • PN2 • /2(/ )+...+<*/ - 1 * PNi -!•//- \{()) 
-{a/ + 1 • PNi + I • // 4- l(r )*-... -j-a/? • PNn • /«(/)} 
= ai ♦ PNi • Ii{t) + n{t ) ( 2 ) 
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In the output of an adder, it turns out that the influence of a cross-correlation, 

i.e., an interference, can be mitigated so that clearly from a formula (2). 

[0012] Thus, the correlation operation of the extracted diffusion signal component is 

carried out by complex ******** VCFs MF21 and MF22 M.F2n, and, ideally, the 

back-diffusion-of-gas signal component of each user in an input signal is extracted. In 

the judgment circuits J1 1 and J12 J1n, presence of a correspondence user's signal 

is judged to this correlation result of an operation, and the signal is outputted. 
[0013] Here, the effect of the example of drawing 1 is shown through various ******** 
VCF outputs when the multi-pass has not arisen. 

[0014] Drawing 4 shows the example of a simulation of the output of above-mentioned 
******** VCF MF21 when there are very few interferences. The conditions of a simulation 
are made into primary modulation GPSK, a diffusion sign 128 chip M sequence, the 
exaggerated measurement size 4, and two user numbers here, and it is a correlation 
operation under the static conditions in a baseband band. In this drawing, the 1st 
user's (it considers as the office of choice.) correlation peak is detected at the time 
of t= 0. Moreover, 100dB and the wave motion power pair interference-wave power ratio 
(D/U) of choice of the signal energy pair noise power flux density per bit (Eb/No) are 
100dB, and the influence of a noise and an interference performed parvus conditioning 
extremely. In addition, the peak in time t= 512 is unrelated to the impulse response of 
a transmission line according to the contiguity symbol. 

[0015] Drawing 5 is what carried out 16 symbol time display of the ******** VCF output 
of drawing 4 , and shows simultaneously the real -number component (I phase) and the 
imaginary number component (0 phase). Therefore, when there is only one peak, I phase 
and 0 phase have the same polarity, and that a peak exists up and down shows that I 
phase and Q phase are an antiphase mutually. As shown in drawing, on such ideal 
conditions, a clear peak arises and the interference by other users is not produced. 
[001^6] Drawing 6 is as a result of [ which ten interference offices other than 
D/U=-10dB, i.e., the office of choice, exist, and shows the status of =(wave motion 
power of choice)0. 1x (interference-wave power) ] a simulation. Here, the big 
interference peak other than the office peak of choice of t= 0 is produced at the time 
of t= 270. It is generated when it differs if a diffusion sign changes, since it is 
influenced by the cross-correlation value, and this interference peak causes an 
incorrect judging. Or the office peak level of choice may decline by presence of an 
interference peak, and it is easy to produce an incorrect judging also at this point. 
[0017] Drawing 7 is a ******** VCF output for interference offices in the same 
conditions as drawing 6 , and the interference office peak has produced it more clearly 
than the office peak of choice of drawing 6 . Although it is the position of this peak 
at the time of t= 128, it is based on this having adopted the method of asynchronous 
CDMA. With asynchronous CDMA, each user's diffusion sign is made asynchronous into the 
same cell here. The diffusion sign phase of an interference wave is shifted as the 
worst conditions this time by 128 samples which become the worst [ a cross-correlation 
value ] (a part for 32 chips). 

[0018] Drawing 8 carries out 16 symbol term display of the ******** VCF output of 
drawing 6 , In this case, the office peak of choice which should be produced in t= 0 is 
unstable, and the detection is impossible. That is, it also understands a certain thing 
that the office of choice is buried with some level of a cross-correlation value. 
[0019] In the comparison with the above graph, the result which removed the 
interference wave according to the example of drawing 1 is shown in drawing 9 . That 
is, drawi ng 9 shows the result which removed the interference wave according to the 
example of drawing 1 , the peak of the office of choice is stabilized, and the almost 
same property as the case ( drawi ng 5 ) where an interference wave does not exist is 
acquired. That is, elimination of an interference wave can detect the office peak of 
choice now certainly. 

[0020] Next, the case where a multi-pass arises is explained. 

[0021] Drawing 10 is a ******** VCF output when carrying out 3 pass static conditions 
of the impulse response of a transmission line, the direct wave of the office of choice 
arises in t= 128, and the retardation wave motion has produced it in t= 138 and t= 148. 
here — the gain of each pass — 1.0 and 0. — it is set as 7 and 0.5 
[0022] drawing 11 — the multi-pass signal of drawing 10 — Eb/No=100dB (there is 
almost no influence of a noise.), and D/U=-10dB (the influence of an interference wave 
is large.) — the ******** VCF output of 16 symbol time is displayed on the bottom of 
conditions in this drawing, since interference-wave level is high, the peak of the 
office of choice can be recognized — it has become 

[0023] Drawing 12 performs interference cancel by the example of drawing 1 to the same 
multi-pass signal as drawing 11 , and the direct wave of the office of choice serves as 
a clear peak, it appears, and it turns out that it can perform a peak detection 
certa inly. 
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[0024] Drawing 13 is a graph which shows the bit error rate to Eb/NO variously, and 
compares the bit error rate (a dashed line and a balloon plot show.) by the example of 
drawing 1 , the bit error rate (dashed line) when not performing interference-wave 
cancel at all, and a bit error rate theoretical value (solid line). When not performing 
interference-wave cancel from drawing, as compared with this example, a bit error rate 
increases several 10 times from several times, and this example serves as the value 
approximated to the theoretical value. 

[0025] Processing of complex ******** VCF MF11 in the example of drawing 1 - MF1 n, 
MF21-MF2n, the principal wave extraction section TH1 1 - TH1n, re-diffusion section RS1 1 
- RS1n, adder ADD11 - ADD1 n, and the judgment circuit J11 - J1n is realizable with 
various modes so that it may illustrate below. 

** The mode which realized the whole by software on the general purpose computer. 

** For CPU, it is the mode which realized only the ******** VCF with a high calculation 

load by DSP or the digital circuit of exclusive use, and realized other fractions by 

software. 

** The mode which realized the whole by DSP or the digital circuit of exclusive use. 

** For CPU, it is the mode which realized only the ******** VCF with a high calculation 

load by the analog circuit, and realized other fractions by software. 

** The mode which realized only the ******** VCF by the analog circuit and realized 

other fractions by DSP or the digital circuit of exclusive use. 

** The mode which realized the whole by the analog circuit. 

In order to raise processing speed, it is necessary to raise the proportion of an 
analog or a digital personal circuit and, and in these modes, the analog circuit is 
more advantageous than the digital circuit in respect of power consumption. 
[0026] Drawing 14 shows ******** VCF MF11 by the exclusive digital circuit, and drawing 
15 shows the principal wave extraction section TH11 by the exclusive digital circuit. 
[0027] In drawing 14 , ******** VCF MF11.has shift register SFTREG of n stage where the 
digitized input signal Vin14 is inputted, and the multiplication circuit MUL141 - 
MUL14n are connected to each stage of a shift register, respectively. The PN code is 
set to each multiplication circuit as a multiplier, and the operation which multiplies 
by the PN code to an input signal is performed. And all the outputs of a multiplication 
circuit are inputted into adder-circuit ADD14, and are integrated in here. The addition 
result Vout14 is the so-called ******** VCF output. In addition, since a PN code is 
usually 1-bit data, the AND gate which passes each bit of an input signal is sufficient 
for a multiplication circuit. 

[0028] The principal wave extraction circuit TH1 1 has shift register SFTREG which holds 
the ******** VCF output Vin15 by 1 symbol time, and comparator circuits C1-Cn are 
connected to each stage of this shift register, the first rank of a shift register — a 
stage is connected to the maximum circuit MAX and the feedback data from the latter 
multiplexer MUX are inputted into this maximum circuit The output of the maximum 
circuit MAX is connected to registers REG1 or REG2 through a selector SEL, and a 
multiplexer MUX outputs the output of these registers alternatively, the data with 
which the maximum circuit was outputted from MUX, and the new first rank — stage data 
are compared and larger data are inputted into a new register When the data outputted 
here from MUX are a thing from REG1, REG2 serves as a new register and serves as the 
register with new REG1 to REG2. Therefore, large data will be registered into REG1 and 
REG2 by alternation. A selector is switched to a register always new and a multiplexer 
is switched in response to this. 

[0029] The output of a multiplexer is further connected to the multiplication circuit 
MUL, and the threshold Vth which applied predetermined proportion to maximum here is 
computed. The threshold computed here is inputted into comparator circuits C1-Cn, and 
is compared with the data of each stage of a shift register. The comparison result is 
as being shown in drawing 16 , only the data more than Vth are outputted as it is, and 
the data of under Vth are omitted by 0V. Processing of the above-mentioned principal 
wave extraction is attained by this. 

[0030] Drawing 17 shows one example of the demodulator concerning this invention, 
realizes the principal wave extraction section, the re-diffusion section, and a 
judgment circuit by the exclusive digital circuit, and has realized others by the 
exclusive analog circuit. 

[0031] In drawing 17 , input-signal R (t) i s inputted into ******** VCF MF1 1 - MF1n, 
and the delay circuit D17 of an analog, and the output of MF1 1 - MF1n passes through 
A/D-conversion circuit ADC1 1 - ADC1 n, and is inputted into the digital principal wave 
extraction circuit TH1 1 - TH1 n, and re-diffusion circuit RS11 - RS1n. The output of 
RS11 - RS1n is inputted into adder-circuit ADD11 - ADD1n through D/A-convers ion circuit 
DAC11 - DAC1n, and is subtracted from the output of a delay circuit D17. The output of 
an adder circuit is inputted into ******** VCF MF21 - MF2n, and is again inputted into 
the judgment circuit J1 1 - J1n through A/D-conversion circuit ADC21 - ADC2n after that. 



3/9 



[0032] drawing 18 — setting — the analog delay circuits D181 and D182 of a plurality 

[ MF / ******** VCF /11 / of an analog ] D18n — in-series — connecting — 

input-signal R (t) of an analog — the first rank — it is transmitted to the latter 
part one by one from a delay circuit, and results in last card row delay circuit 01 8n 
The analog multiplication circuit MUL181, MUL18n are connected to the output of 

each delay circuit, and PN codes PN1, PN2 PNn are hung on an input signal in 

these multiplications circuit. The output of the multiplication circuit MUL181 - MUL18n 
is inputted into adder-circuit ADD181, and all mult ipl icat ion results are added. If 
delay time in the delay circuit D181 - 018n is set to Tc f the following operations wiii 
be performed with the above ******** VCF. 
[Equation 3] 



In addition, the above configuration is the same also about WIF12 - MF1n, and MF21-MF2n. 

[0033] drawing 19 — setting — the sample hold circuit SH191 of a plurality [ delay 
circuit / D17 ], - SH19n — in-series — connecting — the first rank — the input 
voltage Vin19 inputted into the sample hold circuit SH191 is transmitted to the latter 
part one by one, and each sample hold circuit performs sample hold of data in response 
to a clock CLK19 The number of stages of a delay circuit and the timing of a clock are 
set up so that it may synchronize with the timing to which input-signal R (t) arrives 
at an adder circuit through a ******** VCF, the principal wave extraction section, and 
the re-diffusion section. In addition, it is also possible for a delay circuit to have 
the function of a shift register and to use the output Vout191 from each sample hold 
circuit - Vout19n as data as it is. In addition, the analog delay circuit in drawing 18 
also becomes the same configuration as drawing 19 . 

[0034] A sample hold circuit SH191 is constituted as shown in drawing 20 , it connects 
a buffer B201; the switch SW201, the buffer B202, the switch SW202, and the buffer B203 
to a serial one by one, and comes to connect the grounding capacitance C201 and C202 
with the latter part of switches SW201 and SW202. Input voltage Vin20 is inputted into 
a buffer B201, and a buffer outputs Vin20 stably irrespective of a latter load. When 
SW201 is closed, the charge and discharge of the grounding capacitance C201 will be 
carried out to the charge corresponding to the output voltage of a buffer B201, and a 
voltage will be held with capacitance C201. After the completion of a hold, a switch 
SW201 is opened wide and a hold of the following input voltage is equipped with it. The 
held voltage turns into the input voltage of a buffer B202, and is stably outputted 
from a buffer B202. If a switch SW202 is closed here, according to the output voltage 
of a buffer B202, the charge and discharge of the grounding capacitance C202 will be 
carried out, and the output of a buffer B202 will be held. The voltage held with the 
grounding capacitance C202 turns into the input voltage of a buffer B203, and is 
outputted to the latter part as a stable output Vout20 of a buffer B203. 
[0035] Switches SW201 and SW202 are closed by turns to predetermined timing, and input 
voltage Vin20 is transmitted and held one by one C201 and C202. And since the voltage 
transmitted to C202 is not influenced of input voltage Vin20 to closing of the next 
switch SW202, it can generate the stable output Vout20. 

[0036] As a buffer B201, a ************ follower type ( drawing 21 ) or an inversion 
buffer type ( drawing 22 ) can be adopted. 

[0037] A buffer B201 connects input voltage Vin21 to the non inverting input of an 
operational amplifier 0P21, and makes output voltage Vout21 come to return to the 
inversion input in drawing 21 . In this circuit, the ratio of I/O is set to +1 and an 
input arises in an output as it is. 

[0038] The circuit of drawing 22 grounds the non inverting input of an operational 
amplifier 0P22, and comes to connect input voltage Vin22 with an inversion input 
through an impedance Z221. Moreover, the output of an operational amplifier 0P22 has 
returned to the inversion input through the impedance Z221 and the equal impedance 
Z222. The output Vout22 of this circuit is equal to -Vin22, and since input voltage is 
outputted in a sample hold circuit through three steps of buffers B201, B202, and B203, 
the final output is inverted. Therefore, although the final output Vout19 ( drawing 19 
) serves as the same sign as Vin19 when the sample hold circuit in a delay circuit is 
even level, at the time of odd level, you should add the buffer for reversing an input 
or an output further. In addition, since the sample hold circuit SH192 - SH19n are 
constituted like SHI 91 . they omits an explanation. 

[0039] Drawing 23 is a graph which shows an operation of a sample hold circuit, and 
shows input voltage (Vin20), the 2nd step buffer (B202) output, and output voltage 
(Vout20) in the relation with a clock CLK20 about SH191 and SH192. 




(3) 
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[0040] If a switch SW201 is closed in Vin20 to SH191 changing now (CLK20 is a low), 
Vin20 will appear as B202 output of SH191 as it is during the closed period. B202 
output is fixed until B202 output is held and CLK20 is again set to a low, when SW201 
is opened (CLK20 is a high level). A switch SW202 is closed at the time of the high 
level of CLK20, generates the voltage which held the voltage held at the time of SW201 
opening one by one by one period of CLK20, and outputs it as Vout20. 

[0041] The output of a sample hold circuit SH191 serves as the input voltage (Vin20) of 
the 2nd step of sample hold circuit SH192, is held in SH192 to the timing for which 
CLK20 was delayed by the half period in input voltage by SW201, generates the voltage 
which carried out the half-period retardation of it further by SW202, and outputs it as 
output voltage Vout20. 

[0042] As compared with a digital type delay circuit, a circuit scale is small, and the 
delay circuit above analog type has slight power consumption. 

[0043] Drawing 24 shows the 2nd example of a sample hold circuit. This sample hold 
circuit realizes the same property as an inversion buffer by three steps of CMOS 

inverters 1241, 1 242, and 1 243, the output of 1 243 returns to the input of 1241 through 
the feedback capacitance C242, and input voltage Vin24 is connected to the input of 

1241 through the CMOS switch SW241 and the input capacitance C241 one by one. 

[0044] If it is wide opened once SW241 is closed, the charge and discharge of C241 will 
be carried out to the charge according to Vin24 at the time. C242 is set up equally to 
C241, and the three step inverters 1241-1243 output the voltage held by C241 as an 
output of 1 243 as it is. The CMOS switch SW242 is connected to the output of 1 243, and 
the hold of input voltage and the output are possible by opening and closing SW241 and 
SW242 by turns like the sample hold circuit of drawing 20 . 

[0045] Furthermore, an output is inputted into SW242 through capacitance C244 at the 
same three step CMOS inverters 1 244, 1 245, and 1 246 as the above, and the output of 
1 246 is connected to the input of 1 244 through the feedback capacitance C245. The sign 
of I/O of a sample hold circuit has consistency by this. 

[0046] The grounding capacitance C243 and C246 as a low pass filter is connected to the 
output of a last card row M0S inverter, and, as for these three steps inverter, one 
pair of balanced resistances RE241, RE242, RE243, and RE244 are connected to the 2nd 
step of output. RE241 and RE243 are connected to supply voltage Vdd, and RE242 and 
RE244 are grounded and have suppressed the gain of a three step inverter. By such 
circuit arrangement, the oscillation of the three step inverter containing the feedback 
system is prevented. 

[0047] Drawing 25 shows the multiplication circuit of above-mentioned ******** VCF 
MF11,. leads input voltage Vin25 to the impedances Z251 and Z252 from which a plurality 

is different Z25n, and has inputted the output of these impedances into the 

inversion input of an operational amplifier 0P25 in arbitrary combination by the. switch 
SW251 - SW25n. A noninverting input is grounded and, as for the operational amplifier 
0P25, the output has returned to the inversion input through feedback- impedance Z25f. 
An operat iona T amp I if ier 0P25 constitutes an inversion buffer, and each impedance 
consists of a capacitor. Impedance Z25i is [Equation 4] by capacitor C25i here. 



When the sum of the capacity of the capacitor by which it was expressed and the switch 
was closed is expressed as sigmaC25i, output voltage Vout25 is [Equation 5]. 



It becomes. This means the multiplication which multiplied by - (C25i/C25f) to Vin25. 
If SW251 - SW25n are closed in arbitrary combination, for example, the capacity of C25i 
is set as the exponentiation of 2, the multiplication of the arbitrary multipliers of a 
binary digit will become possible, in addition, a PN code — as for such a weighting, 
or (1, 0) (1, -1) is unnecessary at the time of binary 

[0048] In addition, as shown in a formula (5), since it is reversed, when using this as 
an output as it is, the inversion buffer which reverses a sign further is required for 
the sign of an output. Moreover, the sign of a coefficient is not contained in the 
formula (5). Drawing 26 is an addition circuit for this inversion or sign adjustment, 
and according to the sign of a multiplier (PN code), Vout25 is led to an inversion 
buffer, or it carries out a direct output. An inversion buffer grounds a noninverting 
input while it connects an impedance Z26 to the inversion input of an operational 
amplifier 0P26, and it is returning the output of 0P26 to the inversion input. The 
output Vout261 which went via the inversion buffer corresponds to a positive PN code, 
and a direct output Vout262 corresponds to a negative PN code. 




(5) 
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[0049] Drawing 27 shows adder-circuit ADD181 kicked to ******** VCF MF11. Adder-circuit 
ADD181 grounds a non inverting input, and is returning the output of an operational 
amplifier 0P27 to the inversion input through impedance Z27f further while it connects 
the impedance Z271 - Z27n in parallel with the inversion input of an operational 
amplifier 0P27. It is [Equation 6], when an impedance consists of capacitor C27i - C27n 
and C27f ( and the input to each impedance is set to Vin271 - Vin27n and it sets an 
output to Vout27. 



[0050] Drawing 28 shows ******** VCF MF11 for the binary PN code of (1, 0), ******** 
filter circuit MF11 has the sample hold circuit SH281 of a plurality (n pieces), - 
SH28n, and the parallel input of the input signal Vin28 is carried out at these sample 
hold circuits. 

[0051] A sample hold circuit SH281 is constituted as shown in drawing 29 , and input 
voltage Vin29 is connected to the switch SW29. The output of a switch SW29 is connected 
to capacitance C291, and three steps of in-series M0S inverters 1291, 1 292. and 1 293 
are connected to the output of capacitance C291. It connects with the input of 1291 
through the feedback capacitance C292, and Vin29 produces the output Vo29 of the M0S 
inverter I293 of the last card row in the output of I293 with a good linearity by this. 
If SW29 is closed, C291 will be charged by the charge corresponding to Vin29, and the 
alignment property of an output will be guaranteed by the feedback function of 
1291-1293. And when a switch SW29 is opened wide after that, a sample hold circuit 
SH281 will hold Vin29. The output of I293 of the last card row is connected to a gland 
through the grounding capacitance C293, and the 2nd-step output of 1 292 is connected to 
the supply voltage Vdd and the gland through one pair of balanced resistances R291 and 
RE292. By such configuration, the oscillation of the inversion amplifying circuit 
containing the feedback system is prevented. In addition, since the sample hold circuit 
SH282 - SH28n are constituted like SH281, they omits an explanation. 
[0052] As shown in drawing 30 , the above-mentioned multipl i cat ion circuit MUL11 
consists of two multiplexers MUX301 and MUX302, and the above Vo29 and the common 
reference voltage Vr are connected to these multiplexers. 

[0053] Switch SW and the multiplexers MUX301 and MUX302 are controlled by the control 
signals S1, S2, and S3, and once closing S1, when it should incorporate input voltage, 

it opens SW29. S2 and S3 are the inverted signals, and when one multiplexer outputs 
Vo29, the multiplexer of another side outputs Vr. MUX301 and MUX302 output Vo29 from 
MUX301, when it corresponds to "1" (high level) of a diffusion sign, and "-1" (low) and 
the input voltage at a certain time should be multiplied by the sign "1", and when it 
should multiply by "-1", they output Vo29 from MUX302. Since this highness and the 

level of a row are represented, in drawing 30 , VH and the output of MUX302 are 
displayed for the output of MUX301 by VL. 

[0054] As shown in drawing 31 , a switch SW29 consists of a transistor circuit T31 
which connects the source of n type M0S transistor, and a drain with the drain of p 
type M0S transistor, and the source, respectively, and becomes, connects input voltage 
Vin31 to the terminal by the side of the drain of nMOS of this transistor circuit, and 
comes to connect the terminal of the source of nMOS with an output terminal Vout31 
through the dummy transistor DT31 of the same configuration. S1 is inputted into the 
gate of nMOS transistor in a transistor circuit T31, and the signal which inverted S1 
by the inverter 131 is inputted into the gate of pMOS transistor. When S1 is 
high-level, T31 flows, and T31 is intercepted by this when it is a low. 
[0055] As shown in drawing 32 , the drain of one pair of M0S transistors of n type and 
P type [ multiplexer / MUX301 ], In the terminal by the side of the drain of nMOS [ in 
/ it comes to connect with the common output terminal Vout32 the terminal by the side 
of the source of nMOS of the transistor circuits T321 and T322 which come to connect 
the source mutually, and / T321 ], it is the output Vo29 (it is shown all over [ Vin321 
] drawing.) of the M0S inverter 1 293, It connects and is a reference voltage Vr (it is 
shown all over [ Vin322 ] drawing.) in the drain of T322. It connects. A signal S2 is 
inputted into the gate of nMOS transistor in a transistor circuit T321, and the gate of 
pMOS transistor in a transistor circuit T322, and the signal which inverted S2 by the 
inverter 1 32 is inputted into the gate of nMOS of pMOS and T322 of T321. When S2 is 
high-level, T321 flows, T322 is intercepted by this, T322 flows at the time of a low, 
and T321 is intercepted. That is, MUX301 may output Vo29 or Vr alternatively with 
control of S2. 

[0056] Although illustration is omitted, a multiplexer MUX302 is constituted like 
MUX301, and connection of Vo29 and Vr has reversed it. That is, it is the configuration 
of having connected Vr to T321 and having connected Vo3 to T322. By this, MUX302 



n 




Vaut21 = - 



■ -i 



(6) 
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MUX, outputs Vo29 and 



outputs Vo29, when the output 301 opposite to MUX301, i.e. 
MUX301 outputs Vr for Vr. 
[0057] A signal S2 corresponds to a diffusion sign, and when S2 is "l", the 
multiplication circuit MUL11 outputs Vr and MUX302 to Vo29 from MUX301,*when S2 is "0" 
about Vo29 and MUX302 to Vr from MUX301. These outputs are led to above-mentioned 
adder-circuit ADD28. That is, although the signal of one line from MUL281 to AD028 is 
described, this represents two signals, a high-level side and a low side, with drawing 
28 . 

T0058] In drawing 33 , adder-circuit ADD28 has the capacity coupling CPL as which the 
low signals VL1~VLn from the capacity coupling CPH and MUL281 - MUL28n into which the 

high-level signals VH1-VHn from MUL281, MUL282 MUL28n were inputted were 

inputted, CPL comes to carry out parallel connection of the capacitance CL1-CLn, and 
CPH comes to carry out parallel connection of the capacitance CH1~CHn. the first rank 
of the MOS inverters 1331, 1 332, and 1 333 with the output of CPL in-series three steps 

— having — the output of 1 333 — the feedback 

- the first rank — it is fed back to the input This three 
the linearity of input/output relation according to 
and gain. 

MOS inverters 1 334, 1 335, and 1 336 with the output of CPH 
in-series three steps — it connects with an input — having — the output of 1 336 — 
the feedback capacitance C333 — minding — the first rank — it is fed back to the 
input This three step inverter has guaranteed the linearity of input/output relation 
according to sufficient big its open loop and gain. Furthermore, the output of 1 333 



— it connects with an input 
capacitance C331 — minding - 
step inverter has guaranteed 
sufficient big its open loop 
[0059] the first rank of the 



connected to the 
coup I ing CPH, and 
inputted into the 
[0060] The output 



nput of 1 334 through 
the sum of inversion 
three step inverters 
of the MOS inverters 
i s 



i s 



joint capacitance CC33 in parallel with capacity 
of the output of CPL and the output of CPH is 
1 334- 1 336. 

1 333 and 1 336 of the last card row in the 
above-mentioned three step inverter is connected to a gland respectively through the 
grounding capacitance C332 and C334, and the output of the 2nd step of MOS inverters 
1 332 and 1 335 is connected to the supply voltage Vdd and the gland respectively through 
one pair of balanced resistances R331, R332, R333, and R334. By such configuration, the 
oscillation of the inversion amplifying circuit containing the feedback system is 
prevented. 

[0061] Adder-circuit ADD28 performs the operation of a formula 
relation between capacitance is set up like formula (8) - (10), 
of an operation is obtained as a result. 
[Equation 7] 

f A \ 

Y VLi • CLi 

' CC3: 



(7) , and s i nee the 
the formula (11) result 



Vdd 



C331 



VHi • CM J 



Vo u m - Vdd - 

C333 

CIA -CLI CLn 

cm -cm cHn 

C33 1 = C333 = CC33 = n • CLi = n • CHi 
\ {VLi -VHi) 

Voum = 



n 



(7) 

(8) 
(9) 
(10) 

(11) 



[0062] VLi and Vhi are changed into representation of the formula (12) on the basis of 
a reference voltage Vr, and (13) here. 
[Equation 8] 

VHi - Vr +vhi (12) 
VLi « Vr 4- vli ( ^ 3 ) 

A formula (14) will be obtained if this formula (12) and (13) are substituted for a 
formula (11). 
[Equation 9] 

n 

y {vli - vhi) 

Voum-* (14) 
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[0063] Furthermore, a formula (14) is rewritten by the formula (15), when the signal 
which held the input signal Vin1 to time series by the sample hold circuit SH31 - SH3n 
when a certain time was set to t and chip time was set to Tc and natural number i sets 
to Pni S (t-i and Tc) and the PN code by which this is multiplied, since inversion of 
the data by the three step inverter is performed also in the sample hold circuit. 

[Equation 10] 

n 

y PNi*S(t-i*Tc) 
Paw/33--^ (1 5 ) 

This is the operation of a common ******** VCF. 

[0064] In addition, since the output is normalized by number n of an input in the above 
operation, it is prevented that the maximum voltage of an output exceeds supply 
voltage, and the stability of operation is guaranteed. 

[0065] The above-mentioned reference voltage Vr is generated by reference-voltage 
generation circuit Vref shown in drawing 34 . this reference-voltage generation circuit 

— the last card row output of three steps of in-series inverters 1341, 1 342, and 1 343 

— the first rank — it is the circuit returned to -the input and oscillation prevention 
processing by the grounding capacitance C34 and the balanced resistances R341 and R342 
is performed like the above-mentioned addition section It is completed as the stable 
point that the I/O voltage becomes equal by the output, and reference-voltage 
generation circuit Vref can generate a desired reference voltage by threshold setup of 
each M0S inverter. In order to secure a sufficiently big dynamic range to 

positi ve/negat i ve both directions generally, it is set up in many cases with Vr=Vdd/2. 
Vdd is the supply voltage of M0S inverter here. 

[0066] Drawing 35 shows the 2nd example of a multiuser demodulator, rather than drawing 
H , raises the proportion of an analog circuit and has analog-ized further the 
principal wave extraction circuit and the re-diffusion circuit. 

[0067] Drawing 36 shows the 1st example of the analog type principal wave extraction 
circuit TH11. The principal wave extraction circuit TH1 1 consists of comparator CMP36, 
and the input voltage Vin36 and the threshold voltage Vth are inputted into the input. 
The voltage V1 of a high level and the voltage V2 of a low are impressed to CMP36, and 
when it is Vin36 >=Vth, at the time of Vin36<Vth, V2 becomes [ V1 ] the output of 
CMP36. Drawing 37 is a graph which shows the input/output relation of CMP36, and output 
voltage Vout36 is changing from V1 to V2 abruptly by whether input voltage Vin exceeds 
Vth. By this, the fraction which surpassed the threshold voltage in the ******** VCF 
output is set to V1, and other fractions are set to V2. The result which processed the 
******** VCF output of drawing 2 by the above principal wave extraction circuit becomes 
as in drawing 38 , and' it turns out that the wave motion power of choice is extracted. 

In addition, it cannot be overemphasized that TH12 - TH1 n can be constituted similarly. 

[0068] Drawing 39 shows the 2nd example of the principal wave extraction circuit TH11. 
The principal wave extraction circuit TH11 has the multiplexer MUX39 into which input 
voltage and the above-mentioned reference-voltage Vref were inputted, and the signal of 
the result which subtracted the threshold voltage Vth from Vin39 as a control signal of 
a multiplexer is used. Vth is inputted into the three step inverters 1391, 1 392, and 
1 393 as an inversion buffer through capacitance C391, and the output of 1 393 has 
returned to the input of 1391 through capacitance C392. Moreover, the grounding 
capacitance C393 is connected to 1 393 output, and the balanced resistances RE391 and 
RE392 are connected to 1 392 output. 1 393 output and Vin36 are inputted into 
capacity-coupling CP39 which consists of capacitance C394 and C395, and the output of 
CP39 is inputted into the inverter I 394. The above-mentioned three step inverter 
generates the inversion output of Vth with a good alignment property, and 
capacity-coupling CP39 generates the sum of the output of 1 393, and Vin39. Here, it 
becomes if the output of CP39 is set to Vo39 and C394=C395. 
[Equation 11] 

C394 i Vdd - Vih )^C395 ^Vm39 Vdd Vin39 -Vth 

KOjy = = -i- 16) 

C394 + C395 2 2 

[0069] An inverter 1394 outputs 0V, when Vdd / two or more voltages are inputted (i.e., 
when it is Vin39 >=Vth) , and it outputs Vdd at the time of Vin39<Vth. MUX39 is 
controlled by the signal binary [ this ]. MUX39 outputs Vin39 at the time of Vin39 
>=Vth, and outputs Vref at the time of Vin39<Vth. Therefore, the result which processed 
the ******** VCF output of drawing 2 by the principal wave extraction circuit is as 
drawing 40 . In addition, it cannot be overemphasized that TH12 - TH1n can be 
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const ituted I ike" TH1 1 . 

[0070] Drawing 41 shows- the 1st example of re-diffusion circuit RS11. In RS11, input 
voltage Vin41 is connected to a switch SW41, and it is opened [ SW41 ] and closed by 
the control signal CTRL41 in suitable timing. The output of SW41 is inputted into the 
three step inverters 1411, 1412, and 1413 as an inversion buffer through capacitance 
C411, and the output of this three step inverter is inputted into the same three step 
inverters 1414, 1415, and 1416 through capacitance C414. The output of 1413 returns to 
the input of 1411 through capacitance C412, and the output of 1416 has returned to the 
input of 1414 through capacitance C415. The grounding capacitance C413 and C416 is 
connected to the output of 1413 and 1416, respectively, and the "balanced resistances 
RE411, RE412, RE413, and RE414 are connected to the output of 1412 and 1415. 
[0071] The output of 1413 and 1416 is inputted into a multiplexer MUX41, and MUX41 is 
switched and controlled by the binary PN code. When a PN code is "1", the output of 
1416 is chosen, and non inverting Vin41 which passed through the inversion buffer of two 
phases is outputted from MUX41. Moreover, when a PN code is or "0", the output of 

1413 is chosen, and the inversion signal of Vin41 which passed through the inversion 
buffer of one phase is outputted from MUX41. The output Vout41 of MUX41 is equivalent 
to the result which multiplied input voltage Vin41 by the PN code, and this serves as 
the diffusion signal of Vin41. In addition, since RS12 - RS1n are the same as that of 
RS11, they omits an explanation. 

[0072] Drawing 42 shows the 2nd example of re-diffusion circuit RS11, and comes to 
connect the same circuit as drawing 26 with the latter part of the same sample hold 
circuit SH191 as drawing 20 . A sample hold circuit carries out the series connection 
of a buffer B421, the switch SW421, the buffer B422, the switch SW422, and the buffer 
B423, and comes to connect the grounding capacitance C421 and C422 with the output of 
SW421 and SW422. The output of B423 is connected to the switch SW423 of 1 input 2 
output, and the 1st output is inputted into the inversion buffer which consists of an 
impedance C423, an operational amplifier 0P42, and feedback capacitance C42. The output 
of this inversion buffer is Vout421. Moreover, the 2nd output of SW243 is considered as 
the output Vout422 as it is. In suitable timing, this is reversed with an inversion 
buffer or input voltage Vin42 is outputted, without being reversed, once holding by the 
sample hold circuit. 



[Translation done. ] 
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DESCRIPTION OF DRAWINGS 
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Drawing 2 



Drawing 3 



Drawing 4 
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It 
It 
It 



shows 
shows 



the ******** VCF output in this example. 

the wave motion power of choice. 

a ******** VCF output when there are few 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the idea of the equipment for carrying out 
this invention technique, 
is the graph which shows 
is the graph which 

is the graph which 

i nterf erences. ,~ 

[Drawing 51 It i s the graph which shows the ******** VCF 
same conditions as drawing 4 . 

[Drawing 61 It is the graph which shows the ******** VCF 
interference office. 
[Drawing 71 It is the graph which 
offices in the same conditions as 

[Drawing 81 It is the graph which shows the ******** VCF 
same conditions as drawing 6 . 
[Drawing 9] It is the graph which 



shows the 
drawi ng 6 



******** VCF 



output 
output 
output 
output 



of a longer term in the 
under presence of an 
for the interference 
of a longer term in the 



drawing 1 removes 
[Drawi ng~ 10. 



an 



[Drawing 11 



shows a ******** VCF output after the example of 
wave to the same input signal as drawing 6 . 
a multi-pass signal. 

adding the influence of an interference 
JO . 

after 



i nterf erence 
It is the ******** VCF output of 
It is a ******** VCF output when 
wave to the same multi-pass signal as drawi ng 

[Drawing 121 It is the graph which shows a ******** VCF output after the examp 

interference wave to the same input signal as drawi ng 11 



an 



drawing 1 removes « ^. , . ^ ..^ o^,.,^ ,,i MU u o, s ,, Q . Q o 

[Drawing 131 When not performing interference-wave elimination for the b 
by the example of drawing 1 , it is a graph in comparison with a " 
[Drawing 141 It 



!e of 



exclusive digita 
. [Drawi ng 151 It 
extraction circu 
[Drawing 161 It 
c i rcu i t. 

[Drawing 171 It 
VCF the analog c 



Drawing 18 



Drawing 19 



Drawi ng 20 



Drawi ng 21 



it 
It 
It 
It 



20 

[Drawing 22] It 
20 . 

"[Drawing 23 1 It 
2nd step of samp 
[Drawing 241 It 
c i rcu it. 

[Drawing 25 1 It 
******** VCF of 
[Drawing 26 1 It 
this ******** VCF 



Drawi ng 27 



Drawing 28 



VCF. 
Drawi ng 



29 



Drawi ng 30 



it 
It 

It 
It 



[Drawing 31 1 It 



t error rate 

■ ■ < ■ , . ^ u b i « K vumyai i own mi i_ 1 1 a theoretical value. 

s the block diagram showing one example of the ******** VCF by the 
circuit. 

s the block diagram showing one example of the principal wave 
t by the exclusive digital circuit. 

s the graph which shows the output of a principal wave extraction 



s the 
rcui t 
s the 
s the 
s 



block diagram showing the demodulator which made the ******** 

block diagram showing the ******** VCF in drawing 17 . 
block diagram showing the delay circuit in drawing 17 



the circuit diagram showing the sample hold circuit in drawing 19 . 

& the circuit diagram showing the 1st example of the buffer in drawi ng 

s the circuit diagram showing the 2nd example of the buffer in drawing 

s the timing chart which shows an operation of the 1st step and the 
e hold circuit in drawing 19 . 

s the circuit diagram showing the 2nd example of a sample hold 

s the circuit diagram showing the multiplication circuit in the 
drawing 18 . 

s the circuit diagram showing the circuit for processing a sign in 



the circuit diagram showing the adder circuit in this ******** VCF. 
the block diagram showing the 2nd example of an analog type ******** 



the 
the 



circuit diagram showing the sample hold circuit of drawing 28 . 
circuit diagram showing the multiplication circuit of drawi ng 28 



s the circuit diagram showing the switch of drawing 29 
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Drawing 32] It is the circuit diagram showing the multiplexer of drawing 30 . 
Drawing 33 It is the circuit diagram showing the adder circuit of drawing 28 . 
Drawing 34] It is the circuit diagram showing the circuit for generating the reference 
voltage of drawi ng 30 . 

[Drawing 35] It is the block diagram showing the 2nd example of a demodulator. 
[Drawing 36] It is the circuit diagram showing the 1st example of an analog type 
principal wave extraction circuit. 

[Drawing 37] It is the graph which shows the input-output behavioral characteristics of 
this principal wave extraction circuit.- 

[Drawi ng 38] It is the graph which shows the result which processed the ******** VCF 
output of drawing 2 in this principal wave extraction circuit. 

[Drawing 39] It is the circuit diagram showing the 2nd example of an analog type 
principal wave extraction circuit. 

[Drawing 40] It is the graph which shows the result which processed the ******** VCF 
output of drawing 2 in this principal wave extraction -ci rcu it. 

[Drawi ng 41 ] It is the circuit diagram showing the 1st example of a re-diffusion 
circuit. 

[Drawing 42] It is the circuit diagram showing the 2nd example of a re-diffusion 
circuit. 

[Description of Notations] 

ADD11, ADD1 — n and ADD181 ... adder circuit 

ADC11 ADC1 — n, ADC21 ADC2n ... A/D converter 

B201, B203, and B203 ... buffer 
DAC1 1 , . . . , DAC1 n . . . D/A converter 
D . . . Delay circuit 

D181 D18n . . . delay circuit 

J11, .... J1n ... Decision circuit 

MF11 MF1n ... ******** VCF 

MF21, MF2n ... ******** VCF 

MUL181 MUL18n... Mu 1 1 i p I i cat i on c i rcu i t 

0P21, 0P22, 0P25, 0P26, 0P27 . . . Operation amp I if ying circuit 
P1, P2, and P3 . . . peak 
R (t) . . . I nput s i gna I 

RS1 1 RS1n ... re-diffusion circuit 

SHI 91 f SH19n ... sample hold circuit 

Vth ... Threshold voltage. 
8 

[Trans I at ion done. ] 
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